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Reference being had to the accompanying drawings, which form a 

part of these specifications. 



GENERAL DESCRIPTION. 

The propelling engines will be placed in separate water- 
tight compartments and will be duplicates; the nigh-pressure 
cylinder being the forward one in the forward engine and the 
after one in the after engine; the forward engine turning the 
port -propel lor. Each propelling engine will have a high-pres- 
sure cylinder of 42 inches diameter, an intermediate cylinder 
of (30 inches diameter, and a low-pressure cylinder of 94 inches 
diameter; the stroke of all pistons being 42 inches. 

The indicated horse-power is to be 10,500 when making 
about 110 revolutions per minute. The barrels and heads of 
all cylinders are to be steam-jacketed. The valve-chests are to 
be cast on the cylinder-casings of the high-pressure and inter- 
mediate engines and made separately for the low-pressure 
engines. The main steam-valves will be double-ported slides 
working on hard cast-iron seats screwed to the cylinder-faces. 
The valve-motion is to be of the Stephenson type, with single- 
bar links, the high-pressure gear being arranged to be linked 



up iadepeiideutiy of the others. Each piston will have a 
single piston-rod, with a croas-head workiog in slipper guides. 
The cylinder-covers, pistons, and main frnmes are to be of 
cast^teel. The cylinder linings to be of east-iron. The shatV 
ing, piston-rods, connecting-rods, and moving parts generally 
are to be of forged steel. 

The condenaers will be made entirely of composition, with 
brass tubes — the exhaust steam passing through the tubes. 
The total cooliug surface wilt be about 12,500 square feet. 
There will be one air-pump for each set of engines, worked off 
the low-pressure piston. Both air-pumps will deliver into a 
feed-tank in the forward engine-room. The circulating-pumps 
will be independent, of the centrifugal type, one for auih con- 
denser. There is to be in each engine-room an independent 
pump to be used as a bilge and auxiliary fire-pump; also a 
mly. "" 



pump for fire-purposes only. The propellers are to be three- 
bladed, right and left, of manganese bronze, 14 feet 6 inches 
diameter. 

There are to be four boilers in two water-tight compart- 
ments, with four athwartship fire-rooms, the boilera being 
E laced fore-and-aft. The boilers are to be of the double-ended 
orizontal retum-fire-tube type, 14 feet 8 inches in diameter, 
to carry a working pressure of 135 pounds per square inch. 
Each end of each boiler is to have four corrugated furnaces 
of 3 feet internal diameter. The total heating surface is to 
be about 16,590 square feet There will be in each boiler 
compartment a double inverted cylinder-engine, with two 
double-acting pumps, to be used for main feed-pumps. There 
will also be duplicates of these, to be used for auxiliary feed- 
pumps. The main and auxiliary systems of feed-pipes and 
valves are to be entirely distinct from each other. There are 
to be two smoke-pipes, one for the boilers in each compart- 
ment. The fire-rooms are to be arranged to work in plmum, 
eiv being driven in by blowing-fans of sufficient capacity to 
maintain the necessary air-pressure in fire-rooms. The en- 
gines, boilers, and pipes are to be entirely below the pro- 
tective-deck. 



There will be steam-starting aod reversing gear, ash-hoist- 
ing engines, steam-turniog gear for the mam engines, an 
auxiliary condenser witli circulating and air-pumpe, aisttlling 
apparatus, and such other auxiliary or supplementary ma- 
chinery, tools, instrumeuts, or apparatus as may be described in 
the following detailed si>ecificatioD3 or shown in the official 
drawings. 

HIGU-PBESSDBE CYLrSDEB-CASIXQS . 

The high-pressure cylinder-casing of each main engine, 
including the steam and exhaust^pnrts and passages, inboard- 
head, valve-chest, and flanges, is to be made of the best cast- 
iron. It will have, in the cylindrical part, walls 1^ inches 
thick. It will be faced at inboard end and bored at outboard 
end for the reception of the working lining. There will be 
at the lower part of the inboard-head a flange, truly faced to 
a plane perpendicular to the axis of the cylinder, for connect- 
ing with the engine-frame. This flange ivill be well ribbed 
to the walls of the cylinder and will have two ribbed lugs, 
drilled for 4-iDch bolts. There will also be at top of casing a 
ribbed lug, bored and faced for the attachment of a diagonal 
stay-rod connecting the cylinder-casing to the crank-shaft 

Eillow-blocka. There will be top ana bottom flanges for 
olting to the flanges of the intennediate cylinder. These 
flanges are to be faced to a plane accurately parallel to the 
axis of the (wlinder. The ports and passages are to be 
smoothly cored. There will be, on the cylinder-casing, facings, 
flanged and ribbed where necessary, for the attachment of the 
cylinder-cover, expansion-ring of working lining, valve-scat, 
valve-chest cover,stop-valve, exhaust-pipe, piston-rod siuffiiig- 
box, valve-stem stuffing-box, reversing-cngine bed, lower step 
of reveraing-screw, starting- valve diest, starting- valve pipes, 
relief-valves, drain-cock, cross-head lubricator-bracket, back 
guide for valve-stem, indicator pipes, jacket steam-pipe, jacket 
drain, steam port stay-bolts, working-lever brackets, and core- 
plugs. The inboard steam port will be stayed by three Ig-inch 
bolts, 



HIQH-PKESSUIIE CYLINDER-LISINGS. 

The working lining of each high-pressure cylinder will be 
made of close-grained cast-iron, as hard as can be properly 
worked. It will be 1^ inches thick, turned and flanged. It 
will be securely fastened to the cylinder-casing at the inboard 
end by counter-sunk steel collar-screws ; the joint to be per- 
fectly steam-tight. The outboard end will be turned to a neat 
fit in the cylinder-casing and the joint will be made steam- 
tight by a copper expansion-ring, which will be securely fast- 
ened to the cylinder-casing and to the working lining by 
wrought-iron rings, tap-bolts, and studs. The lining is to m 
smoothly and accurately bored, in place, to a diameter of 42 
inches, with proper eounterbore at lower end. 

HIGH-PHESSDRE CYLINDER JACKETS. 

The steam-jacket of each high-pressure cylinder will consist 
of the space between the working-lining and the cylinder- 
casiug and of the hollow of the cylinder-head. The ribs of 
the head are to be cored out so as to leave passages for the steam 
and water. Holes are to be drilled to connect the jacket space 
in head with the jacket around the lining. 

The jacketing steam will be taken from the main steam- 

Eipe, outside the engine throttle-valve, and led to the jacket 
y a IJ-inch pipe. A drain-pipe is to lead from the lowest 
part of jacket to an approved automatic trap with blow- 
thiongb and bye-pass valves, thence to the hot-well, with a 
braD(£ to bilge; both branches having stop- valves. 

HIOH-PEESSUBE CYLINDER-00VEB8. 
The covers of the high-pressure cylinders are to be made of 
castr-steel, 1^ inches thick, well ribbed on the outside. Each 
cover is to be of such form as to leave as little clearance as 
practicable, and to form the outboard steam passage to the cyl- 
inder. It will be faced to fit the cylinder-casing; also faced 
on outside of flange, bored and faced for the man-hole cover 
and turned to receive the foundatioD of lagging. It will be 



secured to cvlinder-casiag hj thirty-three I^-inch steel studs. 
There will be a facing at lower part, with a l^-iuch liole for 
dniin-cock. The lower part of eacli qrlinder-cover will be so 
shaped aa to accommodate the wearing-fiboe of the pistOD. 

HIGH-PEES80BE CYUNDER MAN-HOLB COVERS. 
Each high-preesare crj'liiider will have a cast-steel cover, of 
dished form, over the IS-iocb mau-bole in the cylinder-cover. 
It will be finished all over on the outside and faced and turned 
to fit the cylinder-cover. It will be secured by thirteen 1-tuch 
steel studs with finished wrought-irou nuts, and will be pro- 
vided with forcing-bolts and eye-bolts. The walk of cover 
are to be not over {-inch thick. 

HIOH-PBESSUBB YALVE^CUESTS. 
Each high-pressure valve-chest, forming part of the cylin- 
der^casing, will have a raised slide at bottom to support the 
slide-valve, with oil-channels. The channels at the sides of 
this slide will be provided with drain-cocks. There will be a 
stuffing-box for valve-stem, with metallic packing, and a com- 
position valve-stem guide at back end. Tliere will be two 
oil-ctipa on top of (aeh chest, with internal pipes — one for 
lubricating the face and the other the back of the valve. 

HIOH-PBESSURB VAI.VE-SEATS. 
The high-pressure valve-seats are to be made of hard close- 
gr^ned cast-iron, and secured to the cylinder-casings by coun- 
tersunk Tobin's metal collar screws. Each seat will also be 
secured against end displacement by wrought-iron stops snugly 
fitted between the ends of seat and the n'alls of valve-chest 
and secured in place. The seats to be worked to true pUnes. 
HIGH-PBESSUBE STEAM AND EXHAUST-PORTS. 

The steam-ports in the high-pressure valve-seats, two for 
each end of cylinder, will be 35J inches long and 2} inches 
wide, each with a bridge 3^ incites wide at the middle of its 
length. The exhaust-port for each cylinder will be 35} inches 
long and 6| inches wide, with a bridge same as in steam-ports. 



HIOH-PBE8SUBE BLIDB-VALTES. 

The high-preesare slide-valves will be double-ported, of 
hard dose-gnuDed cast-iron. The faces are to be worked up 
to trae planes, and each valve wilt have a iaced ring at the 
back to work under the balance-plate. The valve-faces will 
have oil-grooves. Each valve to be cored tbroaghout its 
length, and bored and faced at ends for valve-stems. 

niGH-PREeSDRG VALVE-CHEST COVEES. 
Each high-pressure valve-chest cover, of cast^teel, will be 
made of single thickness, ribbed inside and out It will be 
secured to valve-chest by for^-four I|-inch studs. There 
will be a man-hole in the middle of the cover, with a dished 
cast^teel plate, having a IJ-inch hole for the rdief-pipe of the 
balancing space. There will be bosses, faced and bored, for 
the adjuflting-ecrews of the balance-plate and facings for the 
expansion-nng. 

HIGH-PBESSURB SLIDE-VALVE BALANCE-PLATES. 

The balance-plate of each high-pressure slide-valve will be 
made of cast-iron, truly faced to a steam-tight fit on the back 
of valve. A steam-tight joint will be made with the valve- 
chest cover by means of a copper expaneion-riDg, as shown. 
The plate will be pressed aeiainst the valve by four steel springs 
with adjustiog-Bcrews, and by two sct^-screws with lock-nuts. 
Side-play is to be prevented by a steel ring bolted to the valve- 
chest cover, and provided with composition bearing surfaces. 
This ring to have a drain-hole at bottom. 

The Mlaudng space will be connected by a pipe, with valve 
and pet-cock, to the high-pressure exhaust-port. 

mOH-PRBSSDItE VALVE-8TEUS. 
The high-pressure valve-stems, of forged steel, will be 
finished all over, 2f| inches least diameter. Each will have 
a letMianded thread at outside end for attachment to link- 
block, and right-handed threads for nuts inside valve-chest. 
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The nnt at inboard end of valve will be rectangular, fitting 
a recess iu valve, and be provided with a coniposition clamp 
with set-screw and lock-nut. 

INTERMEDIATE CYLINDER-CASINGS. 
Each iDtermediate cylinder-casing will be of the same mate- 
rial, and fitted similarly to the high-pressure cylinders. The 
valve-chest, however, will be on top, and there will be two 
lugs for diagonal stay-rods. There will be flanges to fit those 
on the high-presaure cylinder, to which they will be securely 
&stened with body-bound bolts. The walls of casing will be 
IJ inches thick. There will be facings for the attachment of 
<qrlinder-cover, valve-seat, valve-chest cover, Ligh-pressure 
exhaust-pipe, intermediate exhaust-pipe, piston-rod stuffing- 
box, valve-stem stuffing-box, valve-stem guide, starting-valve 
chest, relief-valves, drain-cock, bearing for rocking-lcver of 
valve-gear, indicator-pipes, jacket steam-pipos, jacKct-drain, 
Bteam-pofit stay-bolts, core-plugs, and man-hole cover. 

INTEKifEDIATE CYLINDER-XJNINGS. 
The intermediate cylinder-linings will be of the same mate- 
rial and fitted similarly to the hign-prcssure linings with the 
exception of the provision for expansion. This will consist, 
in each cylinder, of an annular packing-space well filled whh 
lodia-rubber core imeking, covered by a wrought-iron plate, 
bolted to the cylinder-lining. Each lining will be smoothly 
and accurately bored, in p\are, to a diameter of 60 inchts, 
leaving the walls 1 } inches tliick, the counter-bore being simi- 
lar to that in the high-pressure cylinder. 

INTERMEDIATE CYLINDER- JACKETS. 

The intermediate steam-jackets will be in all respects simi- 
lar to those of the high-pressure cylinders, except that the 
steam-pipe leading to each will have a reducing-valve and a 
relief-valve. The i-oducing- valves are to be loaded to 60 
pounds per square inch. The relief-valves will be adjusted 
to 60 pounds per square inch. There will be a slop-v^ve in 
each steam-pipe close to jacket. 



INTERMEDIATE CYLINDER-CX)VERS. 

The intermediate cylinder-covers will be in all respects sim- 
ilar to those of the high-pressure cylinder, except that each 
will have two of its studs passing through the outboard steam- 
port to act as stays. 

INTERMEDIATE CYLINDER MAN-HOLE COVERS. 

The man-hole cover on each intermediate cylinder-cover 
will be the same as for the high-pressure cylinder. 

The man-hole on the inboard head will be of cast-steel, 
dished inwardly to fill the man-hole, and secured by eight 
f-inch studs. 

INTERMEDIATE VALVE-CHESTS. 

Each intermediate valve-chest will have a stufBne-box and 
back guide for the valve-stem, as shown in detail. There 
will be four oil-cups on top of each chest, two at each end, 
placed as shown. There will be a spring relief-valve, loaded 
to 80 pounds per square inch, on each intermediate valve- 
chest, exhausting into condenser, with gear for raising from 
working-platform . 

INTERMEDIATE VALVE-SEATS. 

The intermediate valve-seats will be similar to the high- 
pressure valve-seats, with the addition of guides at the sides 
to prevent fore-and-aft play of the valves. 

INTERMEDIATE STEAM AND EXHAUST-PORTS. 

The steam-ports for each intermediate cylinderi two for each 
end, will be 57| x 3f inches, with two bridges 3| inches wide 
in each. 

The exhaust-port will be 57| x 8| inches. 

INTERMEDIATE SLIDE-VALVES. 

The intermediate slide-valves will be the same as the high- 
pressure valves, except as to dimensions. 



INTERMEDIATE VALVE-CIIEST COVERS. 

The intermediate valve-chest covers will be similar to those 
for the high-pressure chests, except as to dimensions and the 
arrangement of boeses for balance-plate adjusting-screws. 

INTERMEDIATE SLIDE-VALVE BALANCE-PLATES. 

The balance-plates of the intermediate slide-valves will be 
similar to those of the high-pressure valves^ except that there 
will be six springs with adjusting-screws^ and that the relief- 
pine from the balancing space will lead to the intermediate 
exnaust passage. 

INTERMEDIATE VALVE-STEMS. 

The intermediate valve-stems will, inside the valve-chests, 
be similar to the high-pressure valve-stems. Externally, each 
stem will be fashioned into a cross-head, with brasses, and 
with a composition shoe working in slipper-guides carried by 
the bearings of the valve-gear rocking-lever. 

LOW-PRESSURE CYLINDER-CASINGS. 

The low-pressure cylinder-casings will be of the same ma- 
terials as tlie others, and similarly fitted internally, but will 
not include the valve-chests, which will be separate castings. 
The walls of the cylindriad part will be 2J inches thick. 
There will be in each casing, as in the other cylinders, a fac- 
ing with 4-inch holes for attachment to the engine-frame. 
There will also be an additional facing, to abut a^inst the 
frame, close to valve-chest. The framing-bolts will be put in 
from inside the cylinder, and their heads covered by wrought- 
iron plates made steam-tidht. There will be two lugs at top 
of casing for stay-rods. The piston-rod stuffing-box will be 
carried by a separate steel casting, flanged and inserted from 
inside the cylinder. The walls of steam-ports will be prop- 
erly stayed. There will be outside facings for the attachment 
of cylinder-cover, valve-chest, valve-seat, exhaust-pipe, link- 
block guide, starting-valve pipes, relief-valves, drain-cock, 
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indicator-pipes, jacket Bteam-pipe, jacket-drain, steam-port 
atay-bolts, man-hole cover, cross-head labricator-bracket, and 
starting-lever bracket 

LOW-PKESSTTHE CYLIKDEB-LISING8. 
The working linings of the low-presaure cylinders will be 
similar to those of the intermediate cylinders, but with walls 
1-^ inches thick. After being secared in place they will each be 
smocrtiily and accurately bored to a diameter of 94 inches, with 
coanter-bores as in the other cylinders. 

LOW-PRESSUBE CYLINDEB-JACKBTS. 

The low-pressure cylinder-jacketB will be similar to thoee 

of the intermediate cylinders, taking steam from the same 

pipes, through the reducing and relira'-valves, but with inde- 

poident stop-valves. 

LOW-rRESSURE CYLISDER-COVEEB, 

The ooveis of the low-pressure cylinders will be similar to 
thoee for the other cylinders, except that each will have a 
stuffing-box for the air-pump rod. Four of the studs holding 
each cover will also be used as stays for the steam-passage 
walb. 

LOW-PBESSUKE CYLISDEB MAN-HOLE COVERS. 

The cover uf the man-hole in each low-pressure cylinder- 
cover will be of castr^teel, ribbed outside, and recessed for the 
piston-rod nut. 

The cover for each inboard man-hole will be of etael, dished 
inwardly to reduce clearaace space. 

LOW-PRESSURE VALVE-CHESTa. 

Each low-pressure valve-chest will be in one outing, of best 
cast-iron, flanged inwardly, and bolted to cylinder-casing. It 
will have a raised slide at bottom for supporting the valve, 
the same as in the high-preasure chests. It will have a flange 
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for the attachment of the intermediate exhaust-pipe, and will 
be properly stayed. There will be a stuffing-box for valve- 
stem. There will be two oil-cups on each chest, with internal 
pipes, the same as for high-pressure chests. Each valve-chest 
will have a 4-inch spring relief-valve loaded to 30 pounds per 
square inch. 

L*)W-PRESSURE VALVE-SEATS. 

The valve-seats of the low-pressure cylinders will be made 
and secured similarly to those of the high-pressure cylinders. 

LOW-PRESSURE STEAM AND EXHAUST-PORT. 

The steam-ports in the low-pressure valve-seats, two for 
each end of each cylinder, will be 82 x 4^ inches, with two 
bridges in each 3^ inches wide. Each exhaust-port will be 
82 X 11 inches. 

IX)W-PRESSUBE SLIDE-VALVES. 

The low-pressure slide-valves will be similar to the others 
except that each will have a pocket at inboard end for the 
valve-stem nut — ^the valve-stem not passing through the valve. 

LOW-PRESSURE VALVE-CHEST CX)VERS. 

The low-pressure valve-chest covers will be made with 
double walls, ribbed ; and will have plate covers bolted on 
over core-holes on the inside. Each cover will be fitted for 
six balance-plate springs and for two set-screws. Otherwise 
each cover will be fittea the same as for high-pressure. 

LOW-PRESSURE SLIDE-VALVE BALANCE-PLATES. 

The balance-plates on backs of low-preasure valves will be 
fitted similarly to those on the intermediate valves. The 
relief-pipes, each with stop-valve, and a pet-cock between stop- 
valve and valve-chest cover, will lead to the low-pressure 
exhaust-pipe. 
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L0W-PItES6URB VALVE-STEMS. 

The Btems of low-preesuie valves will be fitted outsido 
umilarly to those for high-presnare valves. Inside the valve- 
chest each stem will be screwed into a rectangular composi- 
tioQ Dut pocketed in the end of the valve. Each nut will 
have a composition clomp with set-screw and lock-Dut. The 
diameter of valvo-stem, over thread, will be 4 inches. 



CYLINDER SUPPORTS. 

Besides being secured to the pillow-blocks by the lower 
frame and by uie diagonal stay-rods, each cylinder will be 
supported near its outboard end by a cast>-iron chock bolted to 
the engine-scatings and fitted neatly under the barrel of the 
cylinder-casing. 

EXHACBT-PIPES. 

The exhaust-pipes from high-pressure to intermediate cylin- 
ders and from intermediate to low-pressure cylinders will be 
made of copper, with composition ilanges. Tliey will be made 
short and drawn up to place to allow for ex))an8ion. On the 
ezhaust^QOzzle of each low-pressure cylinder will be bolted a 
composition elbow, stayed internally, with facings for the 
attachment of the low-pressure starting-valve chest and for 
the exhaust-pipe from the other starting-valves and from the 
reversing-engine. From this elbow a straight compoeitioit 
pipe wiU \&d to the condenser, and be fitted thereto with a 
stuffing-box. 

CTLINDER CLOrmNO. 

The cylinders, valve-ohcsts, and exhaust-pipes, after being 
tested and finally secured in place in the vessel, are to m 
covered with approved incombustible non-conducting material 
and neatly laired with black walnut all over, with polished 
brass bands una brass lag-screws. 
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The l^^ing is to be made in removable sections over eneli 
cylinder-cover, man-hole cover, valve-cheat cover, and start- 
ing-valve chest-cover. The sections to be of such size as to 
be easily handled, and all parts marked. The lagging else- 
where is to be so secured as to be easily removed, replaced, 
and repaired. 

IIAIK PI8T0SS. 

The main pietone are to be made of cast-steel, with shells 
2^ inches thick at hub and If inches at periphery. The 
followers are to be of cast-steel, secured by l^inch square- 
headed wrought-iron collar-bolts screwed into composition 
bushings. These bashings are to be screwed into the pistons 
and secured by stop-pius. Each piston will have two cast-iron 
packing-rings, eacn about f inch wide and f inch thick, set 
out by steel springs of proper tension. The rings are to be 
cnt, sprung iu, aud turned to the diameters of the cylinders. 
The springs are to be of the best spring-steel, properly tem- 
pered. The pistons must work steam-tight without undub 
friction. There will be a cast-iron shoe at the bottom of each 
piston for at least one-third of the circumference, secured to 
the follower by steel studs in slotted Iioles, to allow of verti- 
cal adjustment. The bottom of each shoe will be lined with 
stn)« of approved anti-friction metal. The leugtlis of bearing 
of the shoes in the direction of the axes of the cylinders must 
be at least 7, 9, and 1 1 inches for the high, intermediate, and 
low-pressure cylinders, respectively. 

The bosses of pistons are to be bored taper to receive the 
piston-rods, and faced for the piston-rod nuts. The low- 
pressure pistons will each have a boss, bored and faced for the 
air-pump piston-rod. 

PISTON-RODS. 

The piston-rods are to be of forged steel, 8} inches diameter. 
They will be turned taper to fit the pistons, and fitted, each, 
with nut and keeper. The parallel parts are to be smoothly 
and accurately turned. The inbcxud end of each piston-rod 
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will be enlarged to form a cross-head, and will be fitted with 
adjustable brasses, with eteel cap secured by steel bolts with 
recessed nuts and set-screws. The brasses are to be bored to 
S^ inches diameter. 

CB06B-HEAD SLIPPERS. 

A wrought-iron slipper will be dovetailed and shrunk on 
the bottom of each cross-head and further secured by tap-bolts. 
T\ie slipper will be finished all over, and will be covered on 
top witD compoeition about i inch thick, pinned on and 
finished. A composition guide^ib will be fitted to the bot- 
tom of each slipper, securra at inboard ends by a flange and 
studs and at the outboard end by square-headed bolts in slotted 
holes. Each gib to be finished with white-metal plugs and 
with oil -grooves. 

PISrOS-BOD STUPFINQ-BOXES. 

The mun pistou-rod stuffing-boxes are to be made of cast- 
steel, with composition bushings at bottom. The high-press- 
ure and intermediate stuffing-boxes are to be fitted with metallic 
racking, and the low-pressure boxes fitted for sofl packing. 
The glands are to be of composition, and fitted witli pinion- 
nute and spur-rings, set up by worm-gear. Each gland will 
be fitted with a small auxiliary gland, with oil-groove, form- 
ing a keeper for the spur-nng. 

CONNEC7TINQ-KOD3. 

The oonnectii^rods will be made of foraed steel, and, with 
tbeit fittings, fiuisbed all over. Each rod will be forked at 
the cross-head end, and each eye at that end will be split and 
fitted with a bolt for griping the cross-head pin. The pin 
will be finished to a neat fit, inserted in the eyes, and securely 
clamped. 

The crank-pin end will be finished with a steel cap and bolts 
with recessed nuts and set-screws. The rod and cap will be 
eeparated by chipjung-pieces and brass liners, held in place 
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by dowels. The caps and brasses will be fitted with eve-bolts 
for handling. The connecting-rods will be 7 feet between 
centers^ 6 inches diameter at cross-head end and 7 inches at 
crank-pin end. 

CRANK-PIN BRASSES. 

The crank-pin brasses are to fit the connecting-rod ends and 
caps neatly. They will have proper clearance at top and bot- 
tom, and will be lined with approved anti-friction metal. 
Each brass will be held in place by four tap-bolts, two at top 
and two at bottom, with set-screws. 

The brasses are to be ^ inch shorter than the pins. 

ENGINE STOP-VALVES. 

There will be a double-seated equilibrium stop- valve bolted 
to each high-pressure cylinder-casing. It must be steam- 
tight when hot, and so proved. It will be worked through 
bevel-bearing by a hand-wheel at the working-platform ; also 
from the main-deck by approved gearing. The hand-wheels 
are to be provided with suitable indices to show the positions 
of the valves. 

THROTTLE-VALVES. 

There will be a throttle-valve, to be worked by the gov- 
ernor, bolted to the stop- valve of each propelling-engine. 
The valve will be of the butterfly pattern, it must work 
freely when hot, at the same time being as tight as possible. 
The valve-casing will have a stuffing-box for attachment to 
the main steam-pipe. 

STARTING-VALVES. 

There will be a starting-valve for each cylinder of the 
propelline-engines. Each valve is to be complete in itself, 
witn both steam and exhaust-ports. The valves and chests 
will be of composition. Each valve will have a rib on its 
back, working close under the cover of its chest, to prevent 
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the valve riaiiig off its seat. The covers of chests to be of 
wrought-iron, finished. The valves to be securely fastened to 
their attiiaa. The valve-cliests to be bolted to the facings pro- 
vided for them. Steam for the starting-valves will be taken 
from the main steam-pipes outside the throttle-valves hy a 
pipe having a branch to each valve. There will be a stop- 
valve in this pipe, to be worked from the working-platform; 
also a stop-valve close to each valve-chest. Each starting- 
valve will connect \yith each end of itB cylinder by a copper 
pipe. The high-pressure and intermediate starting- valves 
will exhaust into a pipe leading into the low-pressure exhaust- 
pipe, with a val%-e at each starting-valve chest Branches 
from these steam and exhaust-pipes will lead t<> the revereing- 
engine, with a stop-valve in each. The low-pressure starting- 
valve will exhaust directly into the low-pressure exhaust- 
passage. Each starting-valve will be worked by a lever at 
the working-platform; these levers to be placed in the same 
order as their respective valves, aud to move in the same 
direction as the desired motion of the pistons. The valves 
are to be in middle position when their levers are vertical. 
The Btarting-valve faces and seats to be scraped to perfect 
steam-tight joints. 

CYLINDER RELIEF-VALVES. 
There will be an adjustable spring relief-valve on each end 
of each main cylinder, of the following diameters: high- 
pressure relief- valves, 3 inches; intermediate relief-valves, 3J 
inches; low-pressure relief-valves, 6 inches. Pipes will lead 
from the intermediate relief-valves to the bilge, with easily 
broken joints. The studs holding each valve-casing to the 
valve-nozzle will be long enough to allow the nuts to be 
entered without slacking oack the spring adjustment. The 
springs are to pass satismctory tests. 

CYLINDER DRAIK-COCES. 

There will be a drain-cock on each end of each main cylin- 
der, of the following diameters of opening: high-pressure 
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drain-cocks, IJ inclics; intermediate drain-cocks, IJ inches; 
low-pressure drain-cocks, 2 inches. The cocks to*be perfectly 
tight without undue friction. The drain-cocks of the high- 
pressure and intermediate cylinders of each engine are to be 
worked by a single lever, and those of the low-pressure cylin- 
der by a separate lever, both at the working-platform. All 
the drain-cocks of each engine will discharge into a pipe lead- 
ing to the fresh-water side of the condenser, with a branch to 
the bilge. The cock connecting the two branches must be 
such that one branch must always be open, but without per- 
mitting air to enter the condenser. Small drain-cocks will 
be fitted in the lowest parts of drain-pipes. 

VALVE-GEAR. 

The valve-gear is to be of the Stephenson type, and must 
be so adjusted as to cut off steam at such a point as shall give 
the maximum engine-power before specified, at the same time 
giving sufficient steam and exhaust lead and compression. The 
adjustment is also to be such that the points of cut-off at both 
ends of each cylinder shall be as nearly as possible equal. 
The adjustment for backing-gear is to be as nearly as possible 
the same as for ahead-gear, 

ECCENTRICS. 

The eccentrics are to be of cast-steel ; those for the forward 
high-pressure engine and for the after low-pressure engine 
each to be cast whole ; all others to be in two parts, securely 
bolted together. They will be bored to fit the shafts snugly,, 
and will be held in place each by a key and set-screw. They 
will be truly turned to dimensions as follows : high-pressure 
eccentrics, 4| inches eccentricity and 4 J inches face; interme- 
diate eccentrics, 6 J inches eccentricity and 4 J inches face; low- 
pressure eccentrics, 7f inches eccentricity and 4^ inches face* 
They will be finished all over except where cored out. 
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£CCENTmC-ItODS AND STRAPS. 

The eocentric-fltrapa will be made of wrought-iron, and 
an eztensioQ of oae-half of each strap will form the ecceQ- 
trio-rod. The straps will be bushed with compositioD, pinned 
in place. Chipping-piecea will be fitted between the two 
parts of each strap, the latter being held together by two Ij- 
ioch steel bolts for each high-pressure and intermediate strap, 
and by two 2J-inch bolts for each low-pressure strap. These 
bolts to have square heads and wrought-iron uuts with keejieis. 
The link-ends of the ecoentric-rods are to be forked and fitted 
with neatly fitting steel pins, secured from turning. Each 
ahead eccentric-rod pin is to be prolonged outside the eye of 
rod and be fitted witJi a steel thimble for the suspension-link 
connection. 

LINKS. 

The links will be of the single-bar pattern of forged steel. 
Those for the high-pressure and intermediate engines wiW 
have a mean radius of 6 feet 2 inches and a cross-section of 
4t I 5t inches. Those for the low-pressure engines will 
have a mean radius of 6 feet 6 inches and a cross-section of 
4J X 5( inches. The ends will be fitted with octagonal split 
brasses, adjustable by setrscrews and lock-nuts, for eccentrio- 
rod pin connection. The ahead eccentric-rods will engage 
with the lower ends of the links. 

LISK-DLOCKS. 

The link-blocks will be of wrought-iron with adjustable 
brasses. At the back of each block a cast-iron slipper will 
be bolted, to work in the link-block guide. The brasses of 
each block will be in two pieces, fitting accurately on the curved 
sides of the link. The outsides of the brasses will be turned 
to a circular form, and will work between the adjustable jaws 
of the liuk-block. These jaiva to be adjustable by set-screws, 
lock-nuts, and clamp-bolts. The valve-stem of each high and 
low-pressure engine will be screwed directly into its link. 



block and clamped b^ a rectangulBr steel nut with stud and 
claraping-BUt. The low-pressure link-blocks will each have 
an eye, vtith brasses, to connect with the rocking-lever links. 

lASK-BlJXK SniDES. 

Each link-block will be carried in adjustable guides. The 
guides for tlie high-pressure and intermediate link-blocks will 
be carried by cast-iron standards bolted to the engine-frames. 
Those for the low-pressure engines will be carried by brackets 
bolted to the low-pressure cylinder-casings, and additionally 
supported by stanchions bolted to the engine-frames. The 
lower gib of each guide will be made of wrought-iron, faced 
with composition, and will be adjustable by means of slotted 
holes and clamping-bolts. 

INTERMEDIATE YALVE-OBAD ROCK I NO -I^ VERS. 

The intermediate slide-valves will be worked off the link- 
blocks through rock ing-le vers. Each rocking-lever, of 
wrougbt-iron, will be about 4 feet 11 inches between end- 
centers. It will have a steel pin shrunk in to form a double 
central journal, and will have adjustable brasses in eyes at 
ends. The lever, being inclined, will have a composition 
bearing-washer on the lower side of central boss. The rock- 
ing-lever will be connected to link-block and to valve-stem, 
each by a double wrought-iron link with steel pins. 
BOCKINO-LEVER BEAEIUGS. 

Each intermediate valve-gear rocking-lever will be carried 
in adjustable bearings bolted to the intermediate cylinder- 
casing. The same casting which carries these bearings will 
form a guide for the valve-stem cross-head and will have a 
facing H>T attachment of pistoo-rod cross-head lubricator. 
SUSPES9I0N-1JNKS. 

E^ach valve-gear link will be suspended from tlie corre- 
sponding arm of the reverslng-sbaft by a wrought-iron link, 
with adjustable brasses at top and fixed brasses at bottom. All 
suspension-links to be of equal lengths between centers. 



liEVEBSINO-SHAFTS. 

There will be a foi^ed-ateel reversing-shaft, finislicd all over, 
running the entire length of each engine, underneath tlio bed- 
frames. It will cnrry four arms, three for working the various 
links and one for connecting to the rock-shaft of the reversiug- 
engine. The shaft will be 8 inches dianaeter at middle and 7 
indies at ends. The after end will carry a counterbalance- 
lever with a cast-iron and lead weight — the exact weight re- 
quired being found by balaudng the gear when in complete 
working order but not connected to valve-stems or screw of 
reversing-gear. The reversing-arms for the intermediate and 
low-pressure cylinders will have suspension -plus forged on. 
The liigh-pressure reversing-arra will be slotted, the suspen- 
sion-pin being adjustable by means of a screw with hand-wheel 
with a suitable index. All arms to be of wrought-iron, fin- 
ished all over. The reversing-shaft will be connected to the 
reversing-engine rock-ehaft by a wrought-iron link with 
forked ends, and with steel pins working in bushed eyes in 
their respective arms. 

EEVEBSIKO-SHAFT BEARINGS. 

Each reversing-shaft will be carried in four bearings sus- 
pended from the engine-bed frames. The brackets and caps 
of these will be of cast-steel. The bearings are to be adjusts 
able, with composition boxes. 

BEVEESING-ENOINES. 

Each reversing-engine will consist of two 7 x 6-inch engines, 
with diso-<3'ankB at right angles, working, by means of worm 
and bevel-eearing, a screw whose nut, traveling in guides, will 
have a lint counectiou to the reversing-engine rock-shaft. 
This rock-shaft will be carried in two bearings on top of the 
engine bed-frame. The reversing-enpne will be reversed by 
means of a slide-valve changing me ports to steam or exhaust 
at will. This valve is to be worked by a reversing-lever at 
the working-platform; also by an automatic gear which will 
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throw the re versing- valve over before the en^iue can bring up. 
The re vers! ng-lever must have no catches, out will have an 
approved clamping-gear to hold it in mid-position when not 
iu use. There will oe a hand reversing-wheel connected by 
bevel-gearing to the worm-wheel shafl. Both stfiam and hand- 
gears will have clutches by which they can be thrown in or 
out. The hand-gear will be held iu any position de«red by 
n hineed stop, which can be dropped between the spokes of 
the wheel. All the slide-valvea will have guides to prevent 
them leaving their seats. Each reversing-engine will take 
steam from the starting- valve sfeam-pipe, and will exhaust 
into the starting-valve exhaust-pipe. There will also be an 
exhaust connection to the auxiliary exhaust-pipe. A separate 
steam-pipe with its own stop-valve will lead firom the auxil- 
iary steam-pipe to each reversing-engine. 

ENOIIIE FRAMING. 

The frames of each propelling-engine will be as follows: 

A cast-Et«el frame, made in four pieces, containing the 
crank-shaft pillow-blocks. 

Three cast-steel bed-frames, connecting the pillow-block 
frame to the lower parts of the cylinders, and supporting the 
cross-head slides, reversing-engine rock-shaO; bearings, and 
link-block guides. 

Five forged-steel diagonal stay-rods, connecting the pillow- 
blocks to tops of cylinders. 

CROSS-HEAD SLIDES, 

The cross-head slides will be made of cast-steel and will be 
supported by the engine bed-frames. The high and low-press- 
ure slides will be cast separately and bolted to the frames. 
The intermediate slides will form part of the bed-frame cast- 
ing. They will be smoothly and accurately finished, with 
opposite Bides parallel, and will be fitted in place to proper 
alignment. Oil channels will be cut where necessary. Brass 
oil-boxes will be bolted to ends of slides. 



ESOISE BED-FB&MES. 

The engine bed-frames will be made of cast-steel, hollow 
and well ribbed. Tbey will have broad flanges, accurately 
faced to true planes on bottoms for bolting to engine-seatinga. 
The fadngs for attachment to cylinders and pillow-blocks must 
l>c ncctirately perpendicular to the bottom faces. They will 
be boiled to the cylinders by 4-inch body-bound steel bolts in 
reamed holes, and to the pillow-blocks by l^-ioch wrought- 
iron bolts. These frames will support the cross-head slides as 
l>efore specified. The high-pressure frame will carry two 
adjustable bearings for the reversing-engine rock-shaft. To 
the bottom iace of this frame will be bolted two of the bear- 
ings of the rcversiog-shaft. Each low-pressure frame will 
have a facing for the attachment of one of the reversing-shail 
bearings. The high-pressure and intermediate frames will 
have beings for the attachment of the link-block guide- 
staudnrds. Each low-pressure frame will have a lacing to 
support the stanchion under the link-block guide-bracket. 

CBANK-BHAFT PILLOW-BLOCKS. 

The crank-shaft pillow-block frames will be made of cast- 
steel, each in four parts, bolted together. They will be hollow, 
well ribbed, and will have broad flanges faced to true planes 
for bolting to tbe engine-seatings. The facings on the cylin- 
der side of the frames must be in planes accurately perpen- 
dicular to the faces of bottom flanges. These frames will be 
extended upward to form the pillow-blocks, four for each pro- 
pelling-engine. Each pillow-lblock will have a cast-steel cap, 
which, together with the jaws, will be bored and faced for the 
brasses. 

The cap-bolts will be of forged-steel, 3| inches diameter. 
The lower ones will be through-bolts. The upper bolts will 
have enlai^ed heads, drilled and tapped for attacnmeot of stay- 
nxls. The caps will be finished all over, and must be neatly 
fitted to the pillow-block jaws. The nuts will be secured by 
collars and set-screws. There will be two S'inch holes in 
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each cap for the purpose of feeling the brasses. The cnps 
will be fitted with eye-bolts for handling. On the pillow- 
block frame of each engine will be a facing for attacUmcut of 
one of the bearings of Uie reversing-shaft, 

CRAKK^HAFT PILLOW-BLOCK BRASSES. 

The cnmlc-shaft pillow-block brasses will be mode of com- 
position, lined with anti-friction metal. Each bottom-brass 
will be tamed to fit the curve of the pillow-block jawB, and 
miist be easilj removable when the shaft is in place. Kach 
crown-brass will be faced to accurately fit the jaws. The 
brasses will be separated by composition chipjiing-pioccs, 
secured by studs, and easily removable when the brasses 
are in place. The crown-brasses will be cored out at back, 
and each must have a true bearing against the pillow-block 
cap. The brasses will be finished all over except where oorcd. 
Each brass must be tapiK-d and fitted with eye-bolts for 
handling. After the engines are secured in the vessel the 
brasses will be bored oot in place to proper alignment 

DIAGONAL STAYS. 

The diagonal stays between crank-shaft pillow-bhxsks and 
cylinders will be of forged-steel, 5^ inches diameter, finished 
all over. All the stays of each engine except the outside one 
at the low-pressure end will be swelled at the pillow-block 
end, finislie«^l in tap-bolt form to 4^ inches diameter, and 
tightly screwed into heads of pillow-block cap-bolts. The 
stay at the low-pressure end of engine will be T-hcaded and 
sec'ured to pillow-block cap-bolts by two 4J-inch steel taji- 
bolts. At the cylinder ends all stays will be swelled, turned, 
an<l tapped for 4^inch steel bolts, which will secure them to 
the lugs on cylindere. After the engines are secnred, with 
projier alignment, in the vessel, neatly fitting finished wrought- 
iron washers will be inserted between the etay-ends and the 
ryHn<ler-liig^, and the bolts set up firmly. 
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SHAFTS. 



All of the cnmk, line, tlinist, and propeller-shafts are to be 
of 6teel, Each leogth, except cranfc-Bnafts, will be forfrod 
solid in one piece, and will have a hole drilled axially through 
it from end to end. Or, if made of fluid-compressed 8t«el and 
hydraulic forged, each length maybe drawn out on a mandrel 
from a hollow ingot. 

All shafts are to be finished all over. 

CRAKK-SHAFTS. 

The crank-shafts will be 15 inches diameter in the main 
journals, 15J inches in the crank-pins, and 16 inches in the 
pccen trie-sea tings. The journals and crank-pins will have 
7-inch axial holes. The crank-pins will be 16 inches long. 
The crank-shafts may, if desired, be built up in such manner 
as may be approved. The crank-webs will be llj inches 
thick and 17 inches wide, if made solid. If built up, the after 
crank-web will be increased to 12 inches in thickness, and the 
metal in the eyes of tlie webs will be 6 inches thick at the 
crank-pin ends and 7 inches thick at the shaft ends. The 
cranks will be at angles of 120° with each other, each with a 
throw of 21 inches. The crank-pins must be accurately par- 
allel to the main journals. All journals are to be smoothly 
and accurately turned, and when finished will be tested and 
their accuracy proved. 

LIME-SHAFT. 

The port-crank shaft will be connected to the thnist-shaft 
bv a line-shaft in one length of alx)ut 28 feet 10| inches over 
all. It will be 14 inches diameter with an 8-inch axial hole. 
It will have a fiange-couplingat each end, and will be increased 
to 15J inches diameter at forward end to form a seating for 
the turning-wheel. 

It will be carried in one bearing, elsewlierc specified. 



23 

THRUST-SHAFfS. 

Each thnist-shnft will be about 16 feci 3 inches long, and 
will be 14 inches diameter with na 8-iDch nxial hole. It will 
have flange-ootiplinga at both enda. The starboard shaft will 
be increased to 15^ inches at the forward end to form a seat- 
ing for the turning- wheel. There will be eleven thrust-collara 
1!)^ inchoa diameter and If inches thick. The diameter of 
the shaft between collars will be increased to 15^ inches 
diameter. Each shaft is to be carried in a bearing abaft the 
thrust-benring; no part of the weight is to be taken by the 
thrust-bearing. 

PEOPELLEB-SHAFTS. 

Each propeller-shaft will be in one lengtli, about 56 feet 2J- 
inches over all, 15 incliea in diameter except at outer bearing 
in stern-tube, where it will be increased to 15^ inches. The 
axial hole will be 9 inches diameter. The shaft will be cased 
in composition for about 14 feet b\ inches where it passes 
through the stern-tube, and for about 5 feet 9J inches in the 
bearing of the stem-bracket. Thiff casing will be shrunk and 
pinned on at the bearings, but between the stern-tube bear- 
ings will be carried clear of shaft. The different lengths of 
casing must be made perfectly water-tight at their junctions. 
The casings must be accurately and smoothly turned, to form 
journals. The forward end of shaft will be reduced to a diam- 
eter of 14} inches for a length of 13J inches to receive the 
coupling-sleeve elsewhere specified, and will Iiave tliree splines 
for 2J X 2J-inch feather-keys. The after end will be tapered 
from 15 inches to 12^ inches diameter in a length of 2 feet 10 
inches to fit the bore of propeller-boss, and will have a s})line 
for a 3 X 3-inch feather-key. Abaft this the diameter will be 
reduced to 10 inches, threaded and fitted with a nut and 
keci>er, the thread being turned off the part abaft the nut. 
There will be a water-tight plug in the after end. 

SHAFT-COUPLINGS. 

The crank, tine,and thrust-shafts will be connected by flange- 
couplings forged with their respective shafts. These will all 
4—21886 



be turn^ 2 feet 5} iDches diameter and faced 3^ inches. 
The after ends of crank and line-sliafls will have projections 
15} inches diameter, fitting corresponding recesses in the for- 
ward part of line and thrust-shafU, respectively. The bolt- 
holes will be equally spaced and accurately drilled to tem- 
plate 3J inches diameter, five in each conpling. The bolts 
will be of forged-steel and must fit holes snugly. 

The after ends of thrusf^hafts will each have a coupling- 
flange of same dimension as the others, but drilled for six 
3}-inch bolts. The forward end of each propeller-shaft while 
in place will have a wrought-iron sleeve 2 feet 7 inches diam- 
eter and 15 inches long put on, and keyed by three2Jx2J-inch 
feathers. The sleeve will be secured to tlw shaft by a wrought- 
iron washer 16| inclies diameter, fastened to the shaft by a 
steel stud and nut to take the backing-thrust. This washer 
will fit a recess in the after end of thrust-shaft. The bolt- 
holes will be drilled to fit those on tlirust-shaft coupling. 
The bolts wilt fit the holes in sleeve snugly at forward end 
only, and will be loose in the after part. 

SHAFT PILI/)\V-BL0CK8. 

The line and thrust-shaft pillow-blocks will be of cast-iron, 
with wide flanges, fuced and bolted to the seatings provided. 
The cajM will lie secured each by four 1 |-inch wroughf^iron 
bolts. The holding-down bolts will be 1^ inclies diameter iu 
l|-inch holes. Each cap will have a grease-cup cast on, with 
hinged cover. Each bearing will be lined with anti-friction 
metal for a length of 26^ inches. 

TU RUST-BEA RINGS. 
Each thrust-bearing pedestal, of cast-iron, will be firmly 
bolted to the seating provided, and bored out to receive the 
lower jwrt of bearing. The bearing will be in two parts, of 
cast-iron, with white-metal linings. The lower part will be 
lurtie<l to fit the ))edestal, in which it will be adjustable, fore- 
and-aft, by two H}t-scre«-s at each end, with lock-nuts. Tlw. 
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upper part, or cap, will be separated from the bottom by com- 
position distance pieces, and will be fitted in place with six 
l|-ineh wrought-iron dowel-pins, fitting snugly iu holes in 
the lower part of bearing. The cap will be faced to fit longi- 
tudinal recesses in the upper flanges of pedestal, and will oe 
held down hy eight )|-inoh wroiight-iron bolls, body-bound 
in pedestal, but with slotted holes in cap. Each cap will have 
a box cast on top, divided into two parts, one for oil, the other 
for water; the former having a hinged cover. There will be 
a. hole for oil and another for water, leading down to each collar 
and each reces8, the white metal being properly channeled. 
The oil-ixix will be divided by athwartship partitions. 

6TERS-TUBE BEARINGS. 

Each stem-tube, fitted by the hull contractors, will be finished 
by the engine contractors as follows: A composition lining, 
turned to fit the stern-tube, will be inserted from the inner end 
and secured by a water-tight flange-joint. This lining is to be 
about 1 J incites thick at forward end and 1^ inches at after 
end, and will be about 1 2 feet 3J inches from face of flange to 
after end. A prolongation of tJie forward end of the lining 
will form the stufHng-box casing. The lining will be bored 
out at forward and after ends and will be fitted with sections 
of lignuravitfli. The lengths of the lignumvitte bearings will 
be 2 feet 6 inches at each end. The lignumvitie will ae pre- 
vented from turning by a composition strip screwed to the 
tul»e-lining, and will be properly channeled for the circulation 
of ^vater. The after end of the lining will be finished by a 
conical ring, smoothly turned, bolted on, forming with the 
after end of the forward shaft-casing a clean run from the 
stern-tube to the shaft. The lignumvitie must bear on end 
of grain and will be smoothly and accurately bored out, in 
place, to suit the shaft-casing. 

STERN-TUBE STrFTlSG-BOXES. 

A composition ring will bo inserted in the forwan! part of 
each stern-tube lining to form the bottom of the stuffing-box, 
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ftiid will be piiiuetl in place. Tlie gland will be of composi- 
tion, n'ith Tobiii'g metal bolts, fitted with pinion-nuts and spur- 
ring. The packing space is to be abont 6 inches deep and 
IJ inches wide. There will be a IJ-inch drain-cock with 
pipe leading to engine-room bilge. 

8TEBN-BRACKET BEARISOS. 
Each stern-bracket is to have a neatly-fitting composition 
lining, about 1^ inches thick, inserted from the after end and 
secured by a flange-joint. It will be fitted with a lignum- 
vitje bearing abont 4 feet 8 inches long, fitted as in the stern- 
tubes, and bored out in placo to suit the shaft-casing. The 
lignumvitfo will be held in place at the after end by a Hat 
ring, pinned on, and at the forward end by a conical ring 
similar to Ihoao at after ends of stern-tubes. A. light steel 
sleeve, with interior reinforce ring, will be properly secured 
to each stem-bracket, and will bo so shaped as to make a fair 
water-line to the propeller-boss. 

SCREW-PROPELLERS. 
Tho screw-propellers are to be mado of manganese bronze. 
The starboard propeller is to be right-handed and the port one 
left-handed. They are to be threc-bladed, about 14 feet 6 
inches in diameter. The area and pitch will be as may be here- 
after determined. The blades will he securely bolted to the 
boss by naval-brass tap-bolts secured by lock-platea. The 
holes in the blade flanges will be slotte<l to allow of an adjust- 
ment of pitch. The recesses for the bolt-heads arc to be cov- 
ered by composition plates, held by countersunk screws, and 
finished to form a smooth surface, fair with the boss. Each 
boss is to be accurately bored to fit the taper on after end of 
shaft, and fitted with a wrought-iron feather-key 3x3 inches 
in cross-section. Each propeller will be held on the shaft by 
a nut, screwed on and lock«J in place. The shaft-casing is to 
enter abont 1 inch into the propeller-boss and to be fitted water- 
tight. Ekch boss will be finished at the after end by a com- 
position cap, Ixiltod on water-tight. The bosses and caps will 
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be finished all over. The blades will be oust ns smoolli ns pos- 
Bible, and will have any roughness removed. Tlie flangis of 
the blades are to be turced and faced to fit the recesses in ilie 
bosses accurately, and after being secured in place must Lave 
the edges mode fair. 

MAIN CONDEKSEBS. 

The shells of the main condensers are to be built up of cast 
sections of as nearly as possible the same composition as the 
tubes. 

The flanges of the various parts are to be accurately faced, 
recessed into each other where possible, and fastened together 
with Tobin's metal bolts. The various parts are to be well 
ribbed and stayed by l^inch rods at right angles to tubes 
and by |-inch rods in the same direction as tubes. 

Each condenser will be supported by its air-pump casing, 
and by a seating to which wilt be bolted two flaneed feet at 
the back end of condenser. The main casing will nave faced 
flanges for its attachment to air-pump, ana facings for the 
attacliment of the circulating-water entrance and exit-pipes, 
three man-hole plates on bottom, two man-hole plates on sides, 
salt-feed pipe, and drain-cocks. 

The tube-sheets are to be of Muntz metal, J inch thick, 
drilled fur the tnl>es, and drilled and tapped for the glands. 
The glands for tube-packing at botli ends of condenser are to 
have collars to prevent tub^ from crawling. There will be 
in each condenser 4,256 solid-drawn brass tubes, 7 feet 6 
inches between tube-sheets, J inch outside diameter and O.Oo 
inch thick. Tape packing is to be used. There will be a 
division-plate of ^-inch Muntz metal, supported by the mid- 
dle row of stays, to regulate the flow of the condensing water. 

There will be a composition chest bolte<I to the front end of 
the condenser with a flange for the attachment of the main 
exhaust-pipe stufliug-box; also facings for a man-hole plate, 
bleeder-pipe, cylinder drain -pipe, circulating-pipe, salt-feeil 
pipe, so(ia-cock, and drain-cocks. 
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The chest at the back end, also of composition, will have 
two man-holes and a fianged opening for attachment of the 
air-pump suction-pipe. CompositioD plates are to be fitted to 
all man-)io1es. One of the mau-bole plates will have attached 
to it a l|-iDch Bpring relief-valve. There will be a tank, 
pijre, and cock fitted for the purpose of admitting an alkaline 
solution into each exhaust-passage. Drdn-cocka will he fitted 
on salt and fresh-water sides of condenser, where needed, with 
pipes lea<ting to bilge. A salt-feed cock will be fitted on each 
condenser. No part of the machinery, except such as can be 
easily removed, will be placed where it will interfere with 
drawing and replacing the cou denser-tubes. The condensers 
must be perfectly tiglit in all joints, and be so proved after ' 
being secured in place. The chests at t!ie exhaust-steam end 
of condensers will be clothed and lagged similarly to the cyl- 
inders, with removable portions where required. 

AIR-PUMPS. 

There is to be one horizontal double-acting air-pump for 
each condenser, worked oft' the low-pressure pbtou of the cor- 
responding propelling-engine. The pump-cylinder will be 28 
inches diameter, the stroke of piston 42 inches. All parts of 
casings, pump-barrels, covers, valve-seats, and pistons will be 
of composition. The working linings of the pump-barrols 
will be cast separately, turned to fit casing, forced in and 
pinned, and bored out in place. Tiie piston-rods are to be of 
rolled Tobin's metuj, each to be fitte<l with a steel nut at the 
steam end. The pistons will be cast hollow and ribbed, and 
will have followers secured by |-inch Tobin's metal bolts. The 
valve-seats are to be made separately and bolted in, and must 
l« smoothly faced. There will be six 7J x llj-incb double- 
ilap India-rubber valves in each suction-seat and nine of same 
size in each delivery-seat, all with inclined perforated guards. 
The suction side of each air-pump will be connected with the 
condenser by a composition pipe, forming part of the condenser 
support. The hot-wells will have flanges at top, bolted to 
(•ondenser. 
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Tliere will be bonnets for getting at botb ends of pump; 
alai for foot and deli very- valves. A glass gauge is to be 
Jitte<l to the suction side of each pump. Each end of earh 
(>ump is to have a ^g-inch adjustable air-valve and a Cl- 
inch spring relief-valve with a pipe leading toward the bilge 
but with the end in sight. Ihe two liot^wells of the after 
air-pump will be connected by a 6J-incli pipe, and from the 
inboard hot-well a 6-incli pipe will lead to tlie feed-tank. 
On the forward air-pump the discharge-pipe to feed-tank will 
conuect with both hot-wells. There will be bolted to one of 
the hot-wells of each air-pump a valve-box with three nou- 
retum valves and connections, for the attachment of the drain- 
pi|>es from the steam-jackcls. A circulating jtipe, with valve, 
will lead from each inboard hol^well to tlie fresh-water side 
of the condenser at the exhaust-steam end. There will be a 
facing OD each air-pump below the foot-valvea for the attach- 
ment of a suction-pipe to the feed-pumps. Each airrpump, 
together with the condenser, must maintain a %'acuum of within 
four inches of mercury of tlie weather barometer with the pro- 
pelling-engines at full power under forced draught. Each air- 
pump will be firmly and securely bolted to its seating with its 
cylinder properly aligned with tlie main engines. 

MAIN CIKCULATIXG-POMPS. 

The main circulating-pumps, one for each main condenser, 
will be of the centrifugal type, of composition. 

Each pump is to have a fan of 3 feet 6 inches diam- 
eter, with double inlet 14 inches diameter. There will bo 
flanges on the casing for IT-inch inlet and delivery-pipes. 
The casing is to be in two parts, divided horizontally, so that 
the upper part when removed will expose the fan and bear- 
ings. The fan-casing, wings, and shaft are to be in one 
casting, smoothly cored, finished where possible, and per- 
fectly Italanced, The bearings will consist of sections of 
lignumvitie, on end of grain, dovetailed into composition 
split sleeves, which will be well secured against turning. The 
stufBng-box gland will be in two parts. The shaft must !>>' 



uoioothly and aocunitely turned to 4 J inches diameter. There 
will be an air-tock at top of pump-casing aud a drain-cock at 
bottom. Each pump is to be firmly bolted to its seattug in 
^icrfcct alignment with its engine. 

MAIN CIRCITI-ATING-PUMP EKGINES. 

Each main circulating-pump will be driven by an inclined 
inverted cylinder direct-acting engine with 11 x 12-inch 
cylinder. 

Each engine will be firmly bolted to a plate-and-an?le 
bracket of approvc<l design, riveted to the athwartsliip bulk- 
head — tlie bulkhead being strengthened in wake of the bracket 
by reverse-angles. The engine in the forward engine-room 
is to have ita fly-wheel coupled directly to the shaft of its 
pump. That in the after engine-room will have a steel shaft, 
about 2 feet 3 inches long, interposed. 

MAIN CIRCULATIKO-PUMl' CXJSNECTIOSS. 

Each circulating-pump will be fittet^with pii)cs and valves 
to draw from the sea or from the bilge at will, and will de- 
liver into the condenser only. There will be throttle-valves, 
as shown in detail, in the nozzles leading from the sea and 
from the bilge-suction. These throttles will be so connected 
by levers tiiat when one is shut the other must be open; and 
Ixith will be worked by a long lever well above the fiwr-plates. 
The bilge-suction piiie will have a 12-inch screw-down non- 
return valve with a hand-wheel not less than 14 inches diam- 
eter on each. 

The delivery-pipe from each circulating-pnm|» to its con- 
denser will be 17 inches diameter. A 12-inch pipe will con- 
nect the circulating-pump deli%'ery-pipcs in the two engine- 
rooms, with a stop-valve which can be worked from either or 
both engine-rooms. The discharge-pipe from each condenser 
will l>e 17 inches diameter and will ho connected to the out- 
board -deli very valve by a slip-joint. 



MAIN INJECTIOS-VALVES. 

Each main injection-valve will beanj-inch screw stop- 
valve, closing against the pressure of the sea-water. It wUl 
connect with the sea by a conical steel tube through the double 
bottom, covered by a strainer, and with zinc protecting rings 
at both ends. 

MAIN ODTBOARD-DEUVERY VALVES. 

The main outboard-delivery valves will be of the same type 
and area of openings as the main injection -valves. Each valve 
wU be bolted to the bulkhead of the adjoining reserve coal- 
bunker, and fitted with a zinc protecting ring. Thence a steel 
pipe, 18^ inches internal diameter and ^ inch thick, will lead 
to the side of ship, discharging above the double bottom and 
below the protective-deck. 

FEED-TANK. 

There will be, in the forward engine-room, a feed-tank 
about 12 X 3{ X 2§ feet, made of ^inch wrought-iron. The 
tank is to be stayed internally. It will have four 12 x 6 x 
^-inch plates of rolled zinc suspended from the braces. The 
straps suspending the zinc plates, and the braces where the 
straps come in contact, are to be filed bright before fitting; 
the joints to be then well painted on the outside, or be made 
water-tight in other approved manner. There will be a man- 
hole with bolted cover at one end of tank. A glass gauge to 
be fitted where directed, with suitable guards, (-hut-off cocks, 
and drain-cock. Ihe tank will have the following pipe-con- 
nections : a discharge-pipe from each hot-well ; an overflow 
non-return valve with pipe leading to bilge, but so arranged 
that any water passing down it may be seen; a 6UCtion-pii)e 
to forward feed-pumiB, with valve; a suction-pipe to after 
fced-pumje, with valve; draiu-pipes from traps, as elsewhere 
specifiotl. The tauk to be firmly secured in place, A drain- 
cock to be fitted to each end of tank. 
5— ai88ii 
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jLUXIUiRY COSDEKSER. 
There will be in the forward eneiDe-room an auxiliary con- 
denser into which the auxiliary ezliaust-pipe will deliver. It 
will be cyliadridtl, with a vertical axis. The casing will be 2 
feet 9 inches inside diameter and 5 feet 8 inches between tube- 
plates. The shell will be not more than -^ inch thick. All 
partB will be of the same composition as similar parts of the 
main condensers. There will be 721 tubes, J inch diameter, 
secured as in main condensers, care being taken to secure them 
at both ends against crawling. There will be a man-hole, 
with relief-valve on its cover, near the bottom of the salt- 
water side, and a man-hole iu the fresh-^vater channel-way. 
There will be a facing on the shell for attachment of the air- 
pump engine, and one on the channel-way for the air-pump. 
The oonaenser will be firmly bolted to the seating provided 
for it. 

AUXILIABY AIH-PUMP. 

The auxiliary air-pump will be of the vertical single-acting 
bucket-plunger type, of comimsition, with 7J x 7-inch cylin- 
der. It will be bolted to the auxiliary condenser, driven 
direct by a special engine, and will discharge into the feed- 
tank. 

AUXILIARY AIR-PUMP ENGINE. 

The auxiliary air-pump engine will have a 6f x 7-inch 
steam-cylinder. From the piston-rod cross-head side-rods 
will connect to a cross-tail on the air-pump rod. The crank- 
shafl will be continued beyond tiic fly-wheel and will be cased 
in composition to carry the fan of the auxiliary circulating- 
pump. The engine-frame will be )K>lted to the condenser- 
shell and to the air-pump. 

AUXILIARY CIHCULATING-PUMP. 

The auxiliary circulating-pump will be of the centrifugal 

type, of composition, similar parts being fitted as in the main 

circulating-pumps. The fan will be 2 feet in diameter and 



the inlet ond outlet pi|ieB 6 inches diameter. Tlie pump will be 
driveu direct by the auxiliary air-pump engine. The pump-cos- 
ing will be bolted to the Bhell of the auxiliary condenser. The 
]iump will draw water from the sea-suction valve in the for- 
wnru engine-room and will dischai^e into the auxiliary eon- 
denser. Tlie water leaving the condenser icill go overboard 
through a valve on the starboard side above the double bot- 
tom. The pump 13 to have an air-cock on top. 



The boilers are to be double-ended, 14 feet 8 inches greatest 
diameter and 17 feet 8 inches long over heads. There will be 

122 stay-tubes and 352 ordinary tubes in each end of each 
boiler. There will be four corrugated furnaces at each end of 
each boiler, 3 feet internal diameter and 6 feet 3 inches long. 

BOILER MATERIAL. 

All material used in the construction of the boilers, except 
the tubes, dc^ of combustion-cliamber bracing, and circulatiug 
plates, b to beopen-hearth steel. Thetubesaretobeofwrought- 
iron of the best quality. All material is to be tested as else- 
where specified. 

BOILER-SaELIS. 

The shell of each boiler will be 1^ inches thick, made in 
three rings, eath ring of three plates. 

COUBUSTION-CHAUBERS. 

There will l>e four combustion-chambers in each boiler, each 
being common to two furnaces. They will be made of ^-inch 
pbtes except the tube-sheets, which will be as elsewhere speci- 
fied. The plates will be flanged where necessary and all parts 
joined by single riveting. The holes for screw stay-bolts in 
combust! on -chambers and ghelb are to be drilled and tapped 
together in ])lacc. 



BOILER-HEA133. 
Kach liend of cacli boiler is to be made of three plates. 
The upper and lower plates will each be 5 inch thick ; the 
middle iilutcs, forming the front tube-sheet, will be j4 inch 
thick. The lower plate will be flauged inwardly at each fur- 
nace, and fill plates flanged inwardly at circumference. 

BOILER TUBE-SHEETS. 
Tlie front tube-sheet at each end of eacli boiler will be as 
above s])edGed. At each end there will be two back tube- 
sheets, the combustion -chambers for each end of each Iwiler 
lieing in two separate parts. The back tube-sheets will be -J | 
inch thick. The tube-sheets will be drilled for the stay-tuMs 
and plain tubes, elsewhere specificti, and tapped, in place, fur 
the stay-tubes. All tube-holes to be slightly rounde<l at edges. 
Eacli pair of tube-sheets must be accurately parallel. 

BOIIJIR-TUBES. 
All boiler-tubes are to l)e of the beat quality of wrought- 
iron, lap-welded, 6 feet 4 inches long between tube-sheets, 
AH tubes will be 2J inches external diameter. The ordinary 
tubes will be No. 8 B. W. G., and will be swelled to 2^g inches 
external diameter at the front ends. They will be expanded 
in tnbe-sheets at both ends and beaded over at oombustion- 
chamber ends. The stay-tubes will be J incli thick, upset at 
both ends to 2f inches external diameter, leaving the internal 
diameter as in the remainder of the tube, then swelled at the 
front end to 2J inches external diameter. They are to be 
threaded parallel at combustion -chamber end, and tapering at 
front end, to fit threads in tube-sheets. They are to be screwed 
into the lube-sheets to a tight joint at front end. The com- 
bustion-chamber ends will be made tight by expanding and 
b:ading. All expanding is to be done by approved tools, 

nOILER-BRACINQ, 
Rich boiler will have tliitfy-one steel slays from head to 
hciul, all with nuts on inside and outside of heads. The five 
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braces adjoining the stop-valve will be 2i^ iDclies in diameter, 
with 2^Vii^cli threads, and the other braces 2 indies in diam- 
eter, with 2g-inch threads. There will be at each end of each 
boiler six l^-inch stays running diagonally from the head to 
lower plate of oombustion-clmmber, with IJ-inch threads at 
ends, nutted inside and outaide. These nuta will bear on bev- 
eled wrought-iroo washers riveted to both sides of plates. 
There will also be, at each end, from head to combustion- 
chamber, eight l^^iDch stays, each with double and single 
eyes and pin-coupling near the back end. These stays ^vill be 
secured to the heads in ihe same manner as those last descrit>ed, 
but will be screwed into the tube-sheets, and each will have a 
nut in the coifabtistion-chamber, set up on a washer riveted to 
tube-sheet. There will also be at each end of each boiler two 
diagonal l^inch stays, secured to head in the same manner 
as above, but flattened and riveted to boiler-shells, as shown. 
The tops of the combustion-chambers will be stayed by bridge- 
braces spaced 7 inches, each with three IJ-inch stays screwed 
into combustion-chamber toie and nutted. The backs and 
inner sides of combustion-ehambere will be stayed by IJ-inch 
screw-stays spaced 7 inches vertically and horizontally, screwed 
into the sheets of the op[>osite chambers and nutted. The 
outer sides and bottoms of combustion-chambers will be stayed 
in tlic same manner to tlie boiler-shells. All stays are to be 
made without welds. 

RIVETED JOINTS. 

The longitudinal joints of twiler-shells will l>e butted, with 
j-inch straps on inside and J-inch straiJS outside, and treble- 
riveted. All circumferential joints willbe lai)pe<l and double- 
riveted. The head-plates will have lapped joints double-riv- 
eted, AH joints in furnaces and combustion-chambers will be 
lapped and single-riveted. All rivets to be of steel. Edges 
of all plates to be planed. All rivet-holes to l>e drilled in 
place after bending. Hydraulic riveting to be used where 
possible. In parts where hydraulic riveting cannot I>c used 



the rivet^holes are to be cooed and coujcal rivets used. All 
seams to be calked ou both sides ia an approved manner. 
Longitudinal seams must break joints. 

BOILEIt MAN-nOI^E8 ASD PLATE8. 

There will be in the shell of each boiler a 16 x 12-inch 
man-hole with the greater axis placed circumferential ly. It 
will have a raised steel frame, flanged aud riveted to shell, and 
flauged and faced for the cover-joint. The cover will be a 
flat f-inch steel plate, through-bolted to flange of frame, the 
bolts having square heads to prevent turning. 

There will be in the forward head of each boiler a 16 x 12- 
inji man-hole. It will have a flanged steel frame similar to 
that above epecilinl, but with the addition of lugs on the riv- 
eta.1 flaiifre, on which the nuts of the adjoining stays will be 
set up. The cover will be of steel, ^-| inch thick, dished out- 
ward in hemispherical form and bolted on by a flat tlangc. 

Tliere will be six man-holes in eacli head of each boiler. 
Tiieir covers will be steel, each in two thicknesses of } incli 
each, riveted together. The outer plates must have as little 
clearance in the man-holes na practicable; the inner plates must 
have at least one-inch lap all around. The joints will be 
made with approved material and each plate will be secured 
by two wrouglit-iron dogs and two IJ-inch .studs with square 
nuts. 

£:ich roau-hole plate will have a convenient liandle. All 

Elates, dogs, and nuts to be indelibly marked to show to what 
olea they belong. 



Each fiirnaoe is to be in one piece J inch thick and corru- 
gated, 3 feet least iuternal diameter aud 3 feet 3 inches greatest 
internal diameter. They must be perfectly circular iu cross- 
section at all points. They will be riveted to flanges of front 
heads and will be flanged and riveted to combustion -oh am her 
plates. The corrugations of adjacent furnaces are to alternate. 
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allowance for expansion. The grate-bars at sides of furnaces 
will be of cast-iron to fit the corrugatious. The lenglli of 
grate in each lower furnace will be 7 feet and in each wing- 
funmce 6 feet. 

LAZY-BARS. 

A lazy-bar with the necessary lugs will be fitted in the front 
of each ash-pit. 



Asli-pans of J-inch wrought-iroii, reaching from the front 
of furnace-flue to brldge-wal^, are to be fitted to all furnaces. 

CIRCULATIKO-PLATES. 

Each boiler will have circulating-plates fitted at each side 
of each nest of tubes. They will be mode of wrought-iron 
■^ inch thick, in sections of I foot wide each. Each section 
will be made of two pieces, with a horizontal joint secured by 
two J-inch bolts. Each section will have two clips for sup- 
porting it from the stay-tubea. The plates to be well painted 
all over with brown zinc and oil. 



Tlie uptakes will be made of wrought-iron, No. 7 B. W. 
G., built on angles, and lx>ltcd to boiler-heads and shells. 
They will be bolted to the lower plates of smoke-pipes, with 
slotted holes to allow for expansion. The uptakes are to be 
carried up clear of the ends of (he boiler-stays. There will 
be a forc-and-afl division-plate in each uptake to keep the 
gases from the boilers separate. 

OPTAKE-DOOnS. 



The uptake-doors will be of iron of same thickness as 
uptakes. Each door will have a flanged outer plate of iron, 
No. 12B.W.6.,held off about 1 incli by thimbles and rivets, 



and the space filled with silicate cotton. Thehingee and latcheit 
will be made of cast-steel. Both latches on each door will 
work by one lever. 

UFTAKE-DAMPEBS, 

There is to be a damper In the aptake of each end of each 
boiler. It will be so fitted as to be easily worked from the 
fire-room, aud to be securely held in any poaition in which it 
may be left. It must be tight when closed, and gives full-way 
p&ssace for the gases when open. It must be so constructed 
that uie chance of warping shall be minimized. The dampers 
will conform to such design as may be submitted by the con- 
tractor and approved. 

UPTAKE CASINGS. 
There will be a casing outside each uptake, all around, 
beginning just above the uptaktsdoors and running up to the 
smoke-pipe casing, to which it will be so bolted as to allow 
for expansion. It will be mode of iron, Xo. 12 B. W. G., 
built on light angles. It will be secured to the uptake by 
^-inch screw stay-bolta, nutted both sides, spaced about 2 feet 
apart. It will be about 3 inches distant from the uptake at 
bottom, the space increosing antil the smoke-pipe casing is 
met. There will, in addition, be an outer casing over the 
fronts of uptakes, banning at the bottom and running up to 
the protective-deck, to which it will be secured in sucn a 
manner as to allow for expansion. It will be built on T-iron 
frames and must be air-tight. It will have at bottom, over 
each fumaoe, an easily-worked sliding-shutter, 6x4 inches, 
to admit air when desired. 

UPTAKE CA8ING-DOOB8. 

The uptake casing above specified will have single-plate 
doors, not less than | inch thick, in front of the uptake-^oors. 
They will have cast-steel hinges and latches, ana must be so 
fitted as to be air-tight when closed. Th^ must be of suffi- 
cient size to allow the corresponding uptake-doors to be opened 
to their full exlenL 
&-21686 
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BHOEE-PIPES. 

There will be two smoke-pipes, one for each pair of boilers. 
They will begiu just above the protective-deck and follow the 
shape of the uptakes until the parts coming from the opposite 
ends of each boiler Join; thence each pipe will continue in 
wedge-form to a point just below the upper deck, where it 
will be rectaugular in cross-section, 7 feet 7 inches by 6 feet 
7 inches. In the next six feet it will gradually merge into 
an oval cross-section with the same diameters as noted above, 
and will keep this form to the top, about 60 feet above the 
grate-bars of the wing-furnaces. The fore-and-afl division- 
plate of each uptake will be continued in the smoke-pipe up 
to about the level of the main-deck. There will also be an 
athwartship division-plate up to the top of the wedge-shaped 
parL The pipes will be made of wrought-iron, No. 7 B. W. 
Gr. The lower part of each pipe will be stiffened by angle- 
irons. Above the b^inning of the oval part there will be 
internal cross-stays of l|-inch iron, with T-heads, riveted to 
angles. Each pipe will be finished at the top by an angle- 
iron, to which the stay-shackles will be secured, and by a 
hood covering the casing, to which will be secured shackles 
for slinging painters. There will be a ladder on the outside of 
each pipe (not inside, as shown), reaching to the top, on the 
forward part Each pipe will be strongly stayed by guys and 
turnbuckles of approved dimensions and pattern. All joints 
will be butted ana strapped. The pipes will be supported in 
an approved manner, all the work being done by the con- 
tractor for ibe machinery. 

SMOKE-PIPE CASINGS. 

From its junction with the uptakes to about six inches below 
the hood at top, each 8nioke-pii>e will be surrounded by a 
casing which will l«ive an annular space of 6 inches. The 
casing will be made of iron, No. 12 B. W. G., and strength- 
ened by angle-iron. It will be butted and strapped, flush- 
riveted on the outside. It will be stayed to the pipe where 
necessaty, and will be finished with a half-couiid. ^■sa^ ^\si^- 
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There will be doore through this casine and through smoke- 
_ pipe about on a level with the main-deck. Above the smoke- 
pipe hatch an oval coaing, about 11 feet 7 inches bv 9 feet 7 
inches, will extend for about 6 feet, and be finished by half- 
round iron. About one foot above this there will be a hood, 
carried by the casing before mentioned. 

SMOKE-PIPE COVERS. 
Each smoke-pipe will be fitted with a cover of wrought^- 
iroD, No. 12B. W. G., made in four parts and bolted together. 
Each cover will have eight lees to support it about 6 inches 
above the top of the smoke-pipe, to which each 1^ will be 
secured by a tap-bolt. Each part of each cover will have 
shackles or eyes for handling. The covers to be finished at 
edges by half-rouud iron. Each cover to have conveniences 
provided for stowing it when not in use. 

BOILER-SADDLES. 

Each boiler will rest in three saddles, which will be built 
in and form part of the hull. It will be secured to the saddles 
by bolts of approved dimensions, ic:'ewed into the boiler-shell 
with heads inside. The bolts arc to pass through oval holes 
in the saddles to allow for expaDsion, and will aave washers 
and nuts on the under side. 

BOILER ATTACHMENTS. 

Each boiler will have the following attachmeots, viz : 
One steam stop-valve; 
One diy-pipe ; 

One main feed check-valve with internal pipej 
One auxiliary feed check-valve with iutemal pipe; 
One surface biow-valve with internal pipe; 
One bottom biow-valve with internal pipe; 
Three safety-valves ; 
Two steam-gauges; 
Three glass water-gauges; 
Eight gauge-cocks; 
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Two Bciitinel-valrcB; 

One salinonieter-pot ; 

Two <Irain-cock3 ; 

One air-cock ; 

Two hydro kinetera or equivalent ; 

One cock with thread for the attachment of a syringe. 
All external fittings will be of composition unless otherwise 
directed. No fittings are to be screwed into the boiler-plates, 
but will be flanged and through -bolted, or attached in other 
approved manner. All cocks, valves, and pipes will have- 
spigots, or nipples, passing through the boiler-plates. All 
internal pipes are to oe of brass. No. 14 B. W. 6., and must 
touch the plates nowhere except where they connect with their 
external fittings. The internal feed and blow-pipes will be 
expanded in the holes in boiler-shells to fit the nipples on their 
valves, and they will be supported where uecessary in an 
approved manner. The stems of all valves on boilers are to 
have outside screw-threads. The internal feed and blow- 
pipes are to be arranged to come between the corrugations of 
furnaces. 

BOILGB 8TOP-VALVES. 

Each Btop-valve will be bolted on the afterbead of its boiler,, 
outboard of the center. It will be self-acting, 11 inches 
diameter, with its epindlc horizontal, pointing outboard and 
about 25° abafl the oeam. The axis of its outlet-nozzle wilt 
be horizontal, pointing afl and inboard. There will be bolted 
to this nozzle a composition elbow with a stuffing-box, point- 
ing horizontally inboard, for the attachment of steam-pipe. 
There will be a bracket cast on each valve-chest, to be bolted 
to boiler-head for additional stiffness. 

The valve-discs, spindles, guides, yokes, hand-wheels, and 
bonnets will be as per drawings. 

DRY-PIPES. 

Each boiler will have a brass dry-pipe. No. 14 B. W. G., 
tapering from 10| inches to 8 inches internal diameter, with 
closed end. It will be placed as high as practicable and suit- 



46 

ably supported. It will have aiita at the top, ^ inch wide, 
widi a collective area of 180 square inches. 

Its attachment to boiler will oe changed from tliat shown in 
drawing to the following to prevent danger of a " water-ham- 
mer : " Riveted to the indde of the after head of the boiler, 
with a flange corresponding in shape to the flange of the stop- 
valve, will De a castrsteel nozzle, aboat 8 inches long, with a 
circular fiange to which the open end of the dry-pipe will be 
bolted. The flanges and walls of this nozzle to be ^ inch thick. 

FEED CHECK-VALVEB. 
The main and auxiliary check-valves will each be 2J inches 
in diameter. They will be fixed on the afler ends of the for- 
ward boilers and the forward ends of the after boilers. 

BOTTOM BLOW-VALVES. 
The bottom blow-valves will be 2} inches diameter, placed 
at ends of boilers opposite the check-valve ends, but with 
approved gear for working from the fire-rooms where the feed- 
pumps are »tuated. The internal pipes will lead to bottoms 
of boilers. 

SUHFACE BLOW-VALViS. 

The surface blow-valves will be 2\ inches diameter, and 
placed at same ends of boilers as the bottom blow-valves, but 
worked from the opposite ends in an approved manner. Each 
internal pipe will lead to a dish about one inch above the 
highest beating surface. 

SAFETY-VALVES. 
Each boiler is to have three 5^inch spring safety-valves in 
one case, with spindles horizontal, bolted to tops of boilers. 
Each set of valves is to be fitted with approved gear for lift- 
ing from the main-deck as well as from fire-rooms, the gears 
to work independently of each other. The valves are to be 
lifted from the forwanJ fire-room of each compartment. The 
toes for lifting the valves will be stepped, so that the valves 



\ 
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will be lifted in succession^ All joints in the lifting-gear to 
be composition-bushed. Each valve is to be set at 138 pounds 
per square inch, and is to be furnished with washers for the 
reduction of pressure to 93 pounds by decrements of 5 pounds. 
Each washer is to be marked to show its place. A drain-pipe 
will be attached to each safety-valve case at the lowest part, 
and will lead to the bilge. 

SENTINEL-VALVES. 

Each boiler will have, upon each end, a sentinel- valve of J 
square inch area. It will have a sliding weight on a notched 
lever graduated to 150 pounds pressure. 

BOILER STEAM-GAUGES. 

There will be two Lane's improved spring steam-gauges on 
each boiler with 8J-inch dials. The gauge on the feeding 
end of each boiler will be graduated to 230 pounds and that 
on the other end to 160 pounds. Each gauge is to have an 
independent connection to its boiler, and will be fitted with a 
three-way cock and a coupling for attachment of a test-gauge. 

BOILER WATER-GAUGES. 

Each main boiler will have three glass water^uges of 
approved pattern, two on the feeding end and one at the other 
end. Each gauge will be placed at the side of the boiler and 
will have 1 J-indi pipes idRling to top and to near bottom of 
boiler, with a valve in each close to boiler. The shut-off and 
blow-out cocks are each to have at least J-inch clear opening, 
and are to be packed cocks, with levers and rods for working 
from fire-room. The glasses are to be about 16 inches in 
exposed length, with the lowest exposed part about one inch 
below the highest heating surface. The glasses to be well 
protected. A brass index-plate, with letters and arrows cast 
in relief, is to be fixed close to each gauge-glass to fihow the 
height of the top of combustion-chamber. The blow-out 
cocks will have drain-pipes leading to bilge, with union joints* 
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OAUOE-OOCKS. 

Tliere will be four asbestos-packed gauge-cocks of approved 
pattern on each end of each boiler, with rods and levers for 
working from iire-room. Each cock is to have an independent 
attachment to the boiler. They will be spaced about 6 inches 
vertically, the lowest one being about 4 inches below the 
highest heating surface. Each set of cocks to have a drip-pan 
and a drain-pipe leading to bilge. 

BALINOMETEK-POTS. 

There will be a aalinometer-pot of approved pattern con- 
nected to each boiler, and placed in the feeding fire-room where 
directed. 

BOILER DRAIN-COCKS. 

Each main boiler will have at each end a 1^-inch asbestos- 
packed drain-cock of approved pattern. 

BOILER AIR-COCKS. 
Each main boiler will have a J-inch air-cock at its highest 
part, with a j-inch copper pipe leading to bilge. 

HYDR0KINETER8. 

There will be fitted to each main boiler two Weir's hydro- 
kinetcra, or other approved devices, for circulating the water 
in the boiler while raising steam. Each of these will be fitted 
where directed, and will have a stop-valve close to boiler. 
They will take steam from the auxiliary steam-pipe, with stop- 
valve in fire-room. 

ZINC BOII^R-PBOTECrOHS. 
Each main boiler will be fitted with seventy-two rolled zinc 
plates 12 X 6 X ^ inch. Each plate will be bolted to a 
wrought-iron strap, ivhich will be clamped to the stays. Each 
strap will be filed bright where in contact with zinc and stay, 
each stay being also filed bright at contact point. AAer being 
Iwlted in place the outside of the joints will be made water- 
tight by paint or approved cement. 



BOILER CLOTHINO. 

After tbe boilers are tested and painted tliey will be covered 
on tops and sides, and on ends where required, by ^^incli jrnl- 
vanized wrought-iron platts, lapped and bolted to angles, wliicit 
will be held in place by J-Jnch bolts tapped i>art way into the 
boiler-plates. There will be a space of not less than 1 inch 
between boilers and covers, which will be filled with approved 
iacombustiblc non-conducting material securely held in place. 

AIR-TIGHT PIKE-BOOMS. 

Air-tight supplemental bulkheads of wrought-iron, No, 12 
B. W. G., will be fitted to reduce the space to l)e kept under 
air-prpssure. Allowance will be made for expansion of platei 
and boilers. Openings are to be provid«l where required, 
with suitable means of closing them. All permanent and 
temporary joints must be perfectly air-tight. 

BLOWEItH. 

There will beeightblowersof approved pattern, two in each 
fire-room as shown. They will take air from branches of the 
fire-room ventilators and will deliver directly into fire-rooms. 
Doors will be provided for the purpose of getting at the bear- 
ings of fan-shaft, as well as means for [jroperly lubricating 
them from fire-room without opening the doora. The bearings 
to be of anti-friction metal in composition. Each blower must 
i>e capable of continuously furnishing to the fires at least 20,000 
cubic feet of air per minute under a pressure of 4 inches of 
water. 

BrX)WISG-EN-OINES. 

Each blower will be driven direct by a three-cylinder 
engine of approved pattern, of sufficient power to run the 
blowers at full 8|>eed with steam of 100 pounds pressure. 
The throttle- valve in the steam-pipe of eacli blowing-engine 
will be arranged to be worked from the fire-i-oom floor, with 
suitable index to show how much open. 



Am-rBESSUSE OAnOE?. 

An approved gnuge^ill be fitted id each fire-room to show 
the exoeee of air-pre^eura over the pressure of the open atmos- 
p'.iere. A portable gauge will also be supplied to each fire- 
i-oom, with convenieDces for connectiiig it to the furnaces, 
uptakes, and wherever desired to measure the air-pressure as 
compared with the pressure ia the fire-rooms. 

All these gouges are to iadicate pressures in "incbea of 
water." 

FIRE-TOOL BACKS. 

Racks will be fitted in each fire-room, in convenient places, 
for holding alt necessaiy fire-tools. 

MAIN FEED-PUMPS. 

There will be in the after fire-room of the forward boiler 
compartment, and in the forward fire-room of the after boiler 
compartment, a vertical duplex pump of approved pattern, 
each pump-cylinder having a, stroke displacement of 2S4 cubio 
inches. The area of the steani-pistous will be 2^ times that 
of the pump-pistons. The valves will be metallic, of such 
pattern as may be approved. Each main feed-pump will 
draw water from the sea and from the feed-tank, and wilt 
deliver into main feed-pipe only. 

AUXIIJABY FEED-PDMP8. 
There will be in each of the two feeding fire^rooms an 
auxiliary feed-pump, which will be in construction a duplicate 
of the main ieed-pump. It will draw water from the sea, 
feed-tank, and bottoms of condensers, and will deliver into 
the auxiliary feed-pipe and the fire-room fire-main. 

ASH-HOISTS. 

Each fire-room ventiliator will be fitted at the bottom with 
an air-lock, to be iised when ashes are being hoisted while 
foroe<l draught is nsed. Each ventilator wiU be fitted with 
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the neccssoiy sheaves, whip, and appliances for handling asb- 
bucketa complete. There will be secured to the athwartshij) 
bulkhead of each fire-room an ash-hoisting engine of approved 
design, of suffident power to hoist 150 pounds from the fire- 
room floor to the upper deck in five seconds with steam of CO 
pounds pressure. Each engine will have reversing-gear 
worked from the upper deck in an approved manner. It 
will also have an approved adjustable safety-gear to prevent 
overwinding and to stop the engine when the ash-bucket 
reaches the fire-room floor, 

ASH-DUAIPS. 

From each ash-hoist, on the upper deck, permanent over- 
head mils, suitably supported, will lead to the nearest ash- 
chutes on each side of the ship. Each of these will be fitted 
with a traveler of approved design, with all necessary appli- 
ances for carrying tlie afih-buckets. At the top of each ash- 
chute a dumping-hopper of approved design will be fitted, so 
arranged as to fold up out of the way when not in use. Tlie 
ash-buckets are to be balanced dump-buckets, with all neces- 
sary gear complete. All the ash-hoisting and dumping.^ear 
is to be such that the buckets will not have to be lifted by 
hand. 

STEAM TUBE-CLEANEBS. 

A stenm tube-cleaner, as shown, will be fitted in each fire- 
room. Steam will be taken from the auxiliary steam-pipe by 
a small stop-valve worke<l by a lever with a light brass chain 
leading down into fire-room. Sufficient length of steam-hose 
will be provided to easily reach nil the tubes. 

PIRE-PUUP8. 
There will be in each engine-room a double pump of same 
type and size as the main feed-pumiH. Each pump will have 
suctions to the sea and engine-room bilge, and will deliver 
overboard and into the flre-main and the engine-room watcr- 
wrvice pipes. These pumps will be secured to brackets on. 



the atbwartship bulkhead in forwarti eogiue-room and on side 
of ship ia after engine-room. Each pump will liave aD adjust- 
able air-^-alve in its suction-piiw. 

DILGE-PUUrS. 

There will be in each engine-room a vortical duplex pump, 
with water-cylinders oT IIU cubic inches stroke displacement 
each. The area of the steam-pistons will l>e 1} times the 
area of the |>ump-pistoHS. Each of these pumps will have 
suctions from the sea, the engine-room bilge, the ship's drain- 
age s\~stem, and the boilers. The pump in the forward fire- 
room will also have a auction from the double-bottom valve- 
boxes. Each pump will deliver into the fire-main and over- 
board. They will bo placed as near aB possible to the fire- 
pumps, and will be supported ia the same manner. 

HASD-PUMP. 

There will be a hand-pump with plunger of 6 inches diam- 
eter and 6 inches stroke, as per detail drawings, fitted in the 
forward engiue-room. It will have an additional plunger of 
3 inches diameter, with stuffing-box and gland, tor testing 
boilers. The pump will have suctions from sea, boilers, bilge, 
and crank-pit, and will deliver overboard, into fiie-main, and 
into auxiliary feed-pipes. Proper means will be provided for 
stowing the hand-brakes. 

TUBNINO-ENOINE3 AND GEAR. 

There is to be fitted in each engine-room a double vertical- 
cylinder engine with overhead-cranks, having 7 by 7-inch 
cylinders, driving by worm and bevel-gearing a worm which 
may be made at will to mesh with a worm-wheel on the pro- 
I>elliug-ahaft. The engines and the brackets of all the bearings 
will be secured to plate-and-angle facings riveted to the after 
bulkheads of engine-rooms. Each principal worm-shaft will 
be carried at one end by a pivoted thrust-bearing, beiue 
driven at thot end by a flexible coupling. At the other end 



it will be carried by a bearing moving in vertical guides and 
Euspeniled from the shorter arm of a Eell-craDk. The longer 
arm of the bell-crank will be weighted to hold the worm ont 
of gear when thrown out. All the worm-shafts are to be of 
fot^i-steel. One end of the principal worm-shaft will be 
squared, and will be bo fitted with a ratchet-wrench for turn- 
ing the gear by hand. Each turniag-fingine will lie reversi- 
ble by means of a change-valve with hand-lever. 

The turning-wheels will be of cast-steel with cut teeth, each 
wheel being made in two parts, bolted t<^tber on the shaft 
and keyed. 

DISTIIXINO APPARATUS. 

The distilling apparatus will consist of two evaporators and 
two distillers, with their attachments, having a combined 
capacity of 5,000 gallons of potable water per 24 hours. The 
evaporators will be made with shells of steel, heads and flanges 
of cast-iron, and ooils of copper ; adapted to a working ]>re3S- 
ure of 20 pounds per square inch. They will be fitted and 
lagged, and will each be fitted with a safety-valve, steam- 
eauge, glass water-gauge, gauge-cocks, sallnomcter-pot, and 
blow-valve. They will take steam from the auxiliary steam- 

{lipe, and will be fitted with automatic traps and drain-pipes 
eading to feed-tanks. A direct-acting pump of approved 
pattern and size will be fitted for feeding the evaporators. 
The distillers will be made with shells of sheet-brass , flanges 
and heads of composition, and coils of cojtper or brass, 
thoroughly tinned on both sides. Each coil must have 
separate steam and drain-valves. The steam-pipe of each 
distiller will be fitted with an air-injector, which will be sup- 
plied by a pipe leading from above the awnings. A filter of 
approved design will be fitted to each distifier, with pipes 
leading to the fresh-water tanks. 

There will be a pump of approved design and sufficient 
capacity to circulate water through the distillers. It will 
draw water from a special sea-valve placed where directed. 
The water after leaving the distillers will lead forward by a 
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proper pipe Tvith connections for flushins^ tlie crenr's wnler- 
cIoBets, and vrith braaches leading to the officers' water-closets. 
A bye-pas3 pipe will be provided, so that water may pass to 
the water-closets when the distillers are shut ofif. 

The evaporators and distillei^ will be so fitted that their 
coils can be easily removed for repairs. There must be no 
internal joints in the coils of either evaporators or dbtillers. 

IIAIN STEAM-PIPES. 

A lOJ-inch pipe will connect the two boiler stop-valves in 
each boiler compartment, that in the after fire-room being 
curved aft to clear the auxiliary boiler uptake. From the 
cross-pipe in the after fire-rootn a l&-incn pipe will lead to 
the after engine-room. In the after engine-room it will pass 
over the main exhaust-pipe and connect with a separator just 
outside the throttle-valve. 

From the cross-pipe in the forward boiler compartment a 
15-iacli pipe will curve to starboard, coming out into the 
after-boiler compartment pointing aft, and as near the fore- 
and-aft bulkhead as practicable ; it will lead straight through 
the after-boiler compartment and into the forwanl engine- 
room about 3 feet; tlience it will turn inboani and run to a 
separator close to throttle- valve. There will be a stop-valve 
in each 15-iuch pipe close to its connection to the cross-pipe, 
worked from fire-room or deck at will. Au athwartahip 15- 
incb pipe close to forward bulkhead of fomard engine-room, 
will connect the two fore-and-aft pii>e6. Immediately abaft, 
this pipe there will be, in the pipe leading to each engine, n 
stop-valve with gear for working from either engine-riHjm at 
will. 

AUXILIARY STEAM-PIPES. 

An ansiiiary &team-pi]>c will extend through engine and 
Iwiler cnropnrtmcnls with branches to all auxiliary' engines. 
Its principal connection with the main stcam-pijH; will be in 
the cross-pipe in forward engine-room. There will nlsi> iie a 
connection with the main steam-pipe in each of the other com- 



IKtrtmcnts, of safficieot size to supply all auxiliary eugincs in 
that compartmeDt. The auxiliary steam-pipe will also wa- 
nect ■with an ausiliary stop-valve od each of the boilers iu the 
forward compartment. Uhere will be a stop-valve on eadi 
side of each water-tight bulkhead. Branches will connect 
with the whistle, the relators, and the evaporators. Branches 
will also be led to the windlass, the steerine-engine, engineer's 
workshop, the dynamo-engines, the ventilating-fan engines, 
and the machinery in torpedo-rooms; hut the connections will 
be made by those who furnish the machinery in Uiose places. 
Stop-valves will be fitted wherever necessary. There will be 
a 8team-gau?e in brass case, with about 6-inch dial, attached 
to the auxiliary steam-pipe in each engine-room and each 
boiler oompartment ; also one at windlass and one at steering- 
engine. 

BLEEDER-PIPES. 
A 5-inch branch from the main steam-pipe in each engine- 
room will lead to the condenser, with a stop-valve operated 
from the working-platform. 

AUXILIARY EXHADST-PIPES. 
An auxiliary exhaust-pipe will be fitted, with branches 
leading to all auxiliary engines. It will have valves to direct 
the exnaust-steam into the auxiliary condenser or the auxiliary 
escape-pipe at will. Branches will be led to the dynamo- 
engines, ventilating-fan engines, torpedo machinery, windlass, 
steering-engine, and workshop engines, but not connected. 

ESCAPE-PIPES. 

There will be an ll-inch escape-pipe abafl each smoke- 
pipe, extending to top, finished and secured in an approved 
manner. Each pipe will have branches leading to all the 
Kifety-valves in its boiler compartment There will also be 
abafl the after smuk^-pipe," fitt«l'the same as the others, a 10- 
inch escape-pipe, connected to the auxiliary exhaust-pipe as 
above apecifieu. Each of the safety-valve escape-pipes will 
be fitted with an approved muffler. 



ESGINE-nOOM WATER SERVICE. 

There will be in each engine-room a 2-iiich pipe, connected 
witli the sea-suction valve and with the fire-pump delivery, 
with branches leading to the difPereDt parta of' the engine as 
follows: branches to standards on top of main bearing oil- 
boxes; a branch to each link-block guide; a branch to each 
cross-head slide ; a branch to each telescopic lubricator of cross- 
heads; a branch to each centrifugal oiler of crank-pins; a 
branch to each circntating-pump engine. The standards on 
the main bearing oil-boxes will have ^vater connections to each 
main beariog, crank-pin, and eccentric, with sprays, as shown. 
Each branch-pipe and each spray will have a separate valve. 
The water service in the after engine-room will also have a 
branch to the water-box on each thrust-bearing and one to 
each line-shnfit and thrnst-shaft pillow-block. All the water- 
service pipes and fittings above the floors are to be of i>oIighed 
brass. The main pijie below the floore will be of seamless 
drawn copper. The water-service pipes of the two engine- 
rooms are to be connected with each other by a pipe and valve. 

SEA-fiCCriON PIPES. 

A pipe will lead from the sea-suction valve in the after 
engine-room to the fire and bilge-pumps; and one in the 
forward engine-room to the fire and bilge-pum])s, with a branch 
to the hand-pump and a pipe to the auxiliary circulating- 
pump. In each boiler compartment pipes will lead from the 
Bca-suction valves to the main ond auxiliary feed-pumps. A 
pipe will also lead from a eea-v.ilve, fitted where directed, to 
the distiller circulating-pump- Each of these pipea will be of 
at letist the same bore as the nozzle on the pump with which 
it connects. Each sea-suction will bo controlled by a cock or . 
valve which will not permit sea-water to enter any of the suc- 
tion-pi i)e3. 

FEED-TANK SUCTTIOS-riPES. 

From the feed-tank a suction-pipe will lead to the main and 
auxiliary feed-pumps in the after boiler compartment. A 



PIPE CLOTUINO. 

AH steam and exliaust-pipes, the separators, and all stcani- 
^'alves are to be clothed in an approved maimer with a satis- 
factory iDcombustible iion-«ondiicting material, covered with 
canvas in double thickness, well painted. The canvas cover- 
ing of steam-pipes to ix; secured to bulkheads where the pipes ' 
pass through them. The main steam-pipes in engine-rooms 
and the main exhaust-pipes and the separators are also to be 
covered irith black-walnut la^ng, in sections, with brass 
bands. The main steam-pipe from the forward boilers to the 
forward engines, where it passes through the after boiler com- 
portment, will, in addition to the covering above sjiecified, be 
inclosed in a water-tight casing of copper ; likewise the steam- 
pipe to after engines, from the after bulkhead of forward 
engine-room to its stop-valve in forward i)art of ibrward 
engine-room; also the cross-pipe in forward engine-room. 

PIPES THROUGH COAL-BUNKERS. 

All pipes passing through coal-bunkers will be protected 
by sheet-iron casings, mode in sections and easily removable 
fur repairs. Pipes must not be led under openings of coal- 
chutes. 

PIPES TUEOUGH BULKHEADS ASD DECKS. 

AH pipes passing through water-tight bulkheads or declu 
will be made water-tight by stuffing-boxes, flanges, or other 
approved mwins. Pipes must not be led in sucii a way tliat 
the angles or tees of bulkiieads have to be cut. Holes through 
wix)deii dcf^ks, where pipes pass througli, are to have brass or ■ 
cop]>er thimbles, made water-tight, and extending at least 3 
inches above the deck. 

MATERIAL AND FITTING OP PIPES. 

All pipes, except the lower parts of bilge-suction pi{>es, or 

where otlicrwise specified, are to be of cop|>cr. All lecd and 

blow-pipes and all bilge-suction piixs, except the lower parts, 
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and all steam-pipes less than 3 inclies diameter, are to be of 
soamleas-drawn copper. All copper pipes not scamless-dntWD 
are to be brazed. AH copper pipes are to have composition 
flanges riveted on, calked, and brazed. All flanges are to be 
fac(3 and grooved, and joints are to be made with red lead 
without sheet-lead or canvas. All composition flanges below 
the floor-plates are to be connected by Tobin's-metal bolts and 
nuts. All copper pipes in bilges are to be well painted and 
covered with waterjiroof canvas, and must not rcit in contact 
with any of the iron or steel work of the vessel. All bends 
in copper pipes are to be made one gauge thicker than straight 
parts. All copper pipe T-pieces and fittings are to be made 
of composition. Expansion joints are to be fitted where shown 
in drawings, and elsewhere as may be needed. 

Slip-joints are to have stop-bolts and flanges where directed. 
All stenm and exhaust-pipes, where possible, are to be made 
i inch short in e%-ery 12 feet of length, aad then drawn to 
place, to allow for expansion. TJie lower parts of bilge-suc- 
tion pipes are to be made of galvanized iron. 

The after length of each main stoam-pipc is to be fitted with 
a ring-piece between the Hanges, to admit of a blank flange 
being inserted for testing the boilers and pipes indcpendeDtTy 
of the engines; suitable blank flanges are to be supplicil. 

THICKKE63 OP PIPES. 
The thicknesN of metal iu the principal pipes will be as fol- 
lows, by B. W. G.: 

Steam-pipes of 15 inches bore No. 3 

Steam-pipes of 10} inches Uirc No. 5 

Steam-pipes of 5 inches Iwre No. 9 

Steam-pipes of 4 inches bore No. 10 

Steam-piiws of 3 inches bore No. 11 

H. P. eslianst to I. P. cylinder No. 7 

T. P. exhaust to L. P. cylinder No. 7 

L. P. exhanst to condenser No, 7 

Cireulating-pnmp suction and discharge pipe- No. 5 

Dilgc-injectiou pipes No. 11 



Air-pump discharge to feed-tank No. U 

Fee<l-pump eiiction-pipes No. 13 

Feed-pump discharge-pipes No. 10 

Blow-pipes No, 9 

Aiuiltary exhaust-pipes No. 14 

EscQpc-pipcs No. 13 

Dry-pipes No. 14 

CoiinectioDs to fire-main No. 10 

Galvanized wrought-iron bilge-suction pipes No. 7 

AH other pipes to be of such thickness as may be approved.. 

DRAIN-PIPES AND TRAPS. 

All places where condensed steam can accumulate will be 
provided with drain-pipes and cocks or valves of ample size, 
and with approved automatic traps which will discharge into 
feed-tanks or condenserStOrasdirected. All trapsareto have 
bye-pass pipes and valves for convenience of overhauling. 
The lowest parts of all water-pipes and all pump-cylindera 
and cimnnel-ways are to have draia-cocks, with pipes wbero 
required. 

AUXILIARY ENGINE STOP-VALVEB. 

Each auxiliary engine will have sfop-valvcs in both steam 
and exhaust>-pipes as close as possible to the cylinders, and all 
pumps will have screw cheek-valves in both suction and de- 
livery-pipes close to pumps. Exhaust stop-valves are to be 
straightaway where practicable. 

PUMP RELIEF-VALVES. 

All feed, bilge, and fire-pumps will have adjustable spring 
relief-olives of approved design, connecting the delivery and 
enction parages. 

SEA-TALYES. 

There will be, in the various compartments, sea-valves as 
follows : 

In afler engine-room: A 5|-inch sea-suction valve with a 
4}-inch nozzle for pump-suctions and a 2-inch nozzle for en- 
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ginc-roora wotcr-scrvice ; to bo a screw stop-valvo, and to be 
attached to ship above the double bottom; 

A double valve-box with two screw non-returu valves, one 
3| inches for bilge-pump discharge and one 3§ inches ibr fire- 
pump dischai^; also to have a If-iQch non-return valve 
attached for trap^ischarge ; 

A main iujection-valve and a main outboard-delivery valve, 
as before specified. 

In forward engine-room: Ad 8-inch sea-suction valve with 
a 7^-inch pivoted throttle- valve with nozzle for auxiliary cir- 
culating-pump suction; also with a 4^-inch nozzle for bilge 
and fire-pump suctions, aud a 2-inch uozzle for eugine-room 
water-service; to be a screw stop-valvc, with pipe passing 
through the double bottom ; 

A valve-box with a 6|-inch screw non-return valve for 
auxiliary circulating-pump discliarge; a Sf-inch screw non- 
return valve for bilge-pump discharge; a SJ-iuch screw non- 
return valve for fire-pump discharge; a 2^-inch screw-valve 
with rubber face for hand-pumpdiachaige,andalf-inch non- 
return valve for trap discharge; 

A main iujection-valve aud a main outboard-delivery valve, 
as elsewhere specified. 

Id each boiler compartment; A 3|-inch sea-suction valve 
with two 3J-inch nozzles for feed-pump coimections; to be ft 
screw stop-valve connected to bottom of sliip through the 
double bottom; 

A 3]Vincli Kingston valve, connected to the hlow-pipe by 
a 3-inch uozzle, its casing to be connected to outer skin of 
bottom of ship and to jkiss through ft cast-iron stuffing-box 

There will also be a sea-suction valve for the distiller circu- 
lating-pump, placed where directed. The Kingston valves 
arc to have their spindles cost on, and ore to be tested by ten- 
sile strain of half a ton to every square inch of the area of 
the valves. All sea-euctioD valves are to have gratings on 
the outside of the ship. Mo waste water is to be delivered 
above the water-line. 
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ATTACHMENT OF VALVES TO HULL. 

Steel strengthening-rings will be riveted to plating of hull 
arouod the openings for all sea-valves. The valve-flauges 
will be bolted to these rings by naval-brass 'stnds, care being 
taken not to drill the holes entirely tlirough the rings. Attach- 
ments will be made to the inner skin as may be approved. 
A zinc protecting-ring will be titted in each opening in outer 
skin, and at the openings in inner skiu for the main injection 
and outboard-de livery valves. 

PLUGS FOR DISCHARQE-OPEKINOS. 

A compositioii plug with india-rubber joint is to be fitted 
to each discharge-opening; to be put in or taken out by a 
lever on the ship's side above the water-line. The outriggers 
on the ship's side are to be complete, ^vilh all levers and 
(tear. 

DILOE AND DOUBLE-BOTTOM VALVE-BOXES. 

The bilge and double-bottom suction valve-boxes and valves 
are to be supplied by the engine contractors, who will also 
connect them with the pumps; but the connections to them 
from the bilge-drains and from the forward and after com- 
partments will be made by the hull contractors. There is to 
be a separate valve for each suction, and they are all to be 
plainly marked to show their uses. 

COCKS AND VALVES. 

All cocks and valves and their fittings, unless otherwise 
specified, are to be made of composition. All hand-wheels 
are to be of finished brass. All cocks communicating with 
vacuum spaces are to have bottoms of shells cast in and to 
have packed plugs. All oocks over one inch in diameter 
are to have |Mickea plugs. Valves of approved pattern are 
to be supplied wherever necessary to complete the various 
pipe systems, whether shown in drawings or not. Cocks and 



valves mar, where directed, have, in lieu of wheels or permo.- 
neot handles, removahle box or socket-wreachee, marked and 
stowed iu couveaieDt racks. All valvc-apindles are to turn 
right-handed to close. All cocks and valves beneath the 
tloor-plates are to have their wheels or handles above the 
floor- plates, except where otherwise specified, in easily aoces- 
sible positions. All valves must be so fitted as to be easily 
gronnd in, and be fitted where necessary with grinding-ia 
guides and handles. 

LABELS OS COCKS AND VALVES, 

All cocks are to have engraved brass plates to show their 
ases and to indicate whether open or shut. All valves, except 
such as may be otherwise directed, are to have similarly en- 
graved plates ty show their uses, or have the same plainly 
engraved on haud-wheels. All engraving to be deep and to 
be filled in with black cement. All main eteam-stop valves 
are to have indices to show to what extent they are opened. 

WHBTLE. 
An approved polished brass steam-whistle, with bell of 
about 8 inches diameter, is to be placed forward of the for- 
ward smoke-pipe, well above the level of the awnings, and 
coDuected to the auxiliary steam-pipe by a pipe having a 
stop-valve at its lower end and a worliing-valve at the upper 
end. The pipe to have an expansion-joint at lower end, 

BADIATOBS. 

Badiators or heating-coils as may be directed, of approved 
patterns, will be furnished, fitted, and connected, with super- 
ficial areas as follows: 

In the commanding officer's cabin, four of 20 sq. feet each ; 

In the commending officer's bath-room, one of 2 square feet; 

In the commanding officer's office, one of 2 square feet; 

In the ward-room, four of 20 square feet each; 

In the steerage, two of 15 square feet each ; 

In the steerage country, two of 15 square leet each; 
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In the crew's quarters oa the berth-deck> an a^regate of 
350 square feef, divided aa may be directed; 

In the sick-bay, two of 15 square feet each; 

Under the forecastle, two of 20 square feet each ; 

In the pilot-house, one of 6 square feet ; 

In the chart-house, one of 4 square feet. 

Each radiator or coil of more than 6 square feet surface is 
to be divided into two parts, and each of more than 20 square 
feet into three or more parts — each with its separate steam and 
drain-valves. The radiators in the crew's quarfers will liave 
the valve-sfems squared and fitted with removable keys. The 
steam and drjiin-pipes are to be of seamless-drawn brass, iron 
pipe size, suitably connected by composition fittings in a man- 
ner that will enable them to be easily taken down for repairs. 
All union-joints to be coneii or to have corrugated copper 
washers. All holes through decks and bulkheads to be thini- 
bled with brass. Steam and drain-pipes Co be clothed where 
near wood- work. The steam-pipes will connect with the aux- 
iliary 8team-pi|)e where directeti, and will be fitted with ad- 
justable reducing- valves. The drain-pipe of each circuit will 
liave au approved steam-trap discharging into feed-tauk, and 
elsewhere as may be directed. 

SHAFTS THBOUOH BDLKHBARS. 
All shafts passing through water-tight bulkheads will be 
fitted with gtumng-boxes. 

FLOOR-PLATES. 

The engine-rooms, fire-rooms, and connecting passages are to 
be floored with wrouglit-iron plates J inch thick, with neatly 
matched flat-topped corrugations running fore-and-aft. The 
plates are to be oi convenient size and easily removable. They 
will rest on proper ledges, of angle or T-iron, aud will have 
drain-holes where necessary. Platforms will be provided for 
getting at all parts of the main and auxiliary engines and boil- 
ers. These platforms, where placed over moving machinery, 
will be fitted the same as the lower floors. In other places they 



will be made of iron rods g inch square, placed f inch apart. 
The fire-room floors will be so arranged aa to permit all fur- 
naces to be easily fired, without intenering with getting out 
coal. 

LADDEBS. 

Ladders will be fitted wherever necessary for reaching the' 
engine-rooms and fire-rooms from deck, and for reaching the 
various platforms, passages, and parts of machinery. The 
engine-room ladders will be made with plate-irou sides and 
light cast-iron treads with corrugated tops. The fire-room 
ladders will be made with plate sides and double-^uare bar- 
treads. All ladders will be so fitted as to be easily removable 
where required, and will be jointed and hinged, with necessary 
fastenings and gear, where they have to be moved when closing 
hatches. Light iron ladders will be fitted to and through one 
ventilator in each engine-room and each fire-room as means of 
^ress when the battle-hatches are closed. 

HAND-CAILS. 

Finished brass hand-raib, with finished wrought-iron stan- 
chions, easily removable where required, will be fitted to all 
laddersaodplatformsandaround all moving parts of machinery 
and along bulkheads and passage-ways. 

WORKINQ-PLATPOHUS. 

There is to be a working-platform over each high-prcssui-e 
cylinder, fitted with plates the same as for lower floors. The 
space between cylinder and platform is to be filled in, where- 
practicable, with Qon -conducting material. The counter, rev- 
* olution-iudicators, clock, gauges, telegraph-dials, and other 
*^gine-room fittings are to oe so placed near the working plat- 
^'brm as to be in full view while working the engines. Speak- 
ing-tube mouth-pieces and telegraph-levers to be conveniently 
)ilaoed. 



WOKKIKQ-LEVEIIS ASD QEAB. 

There will be at «acli workiDg-platform the following hand- 
gear, viz : 

One reversing-lever ; 

Three starting-valve levers ; 

Two cylinder drwn-cock levers; 

Hand reversing-wheel ; 

Engine stop-valve hand-wheel ; 

Bleeder-valve hand-wheel ; 

Reversing-engine stop-valve hand-wheel ; 

Starting- valve sfop-valve hand-wheel ; 

Hand-wheel for lifting intermediate valve-chest relief-valve. 

The levers for working the starting-valves and drain-cocks 
are to have spring-catches of "locomotive pattern." All hand- 
gear to be suitably engraved to show its use, or otherwise pliunly 
marked in an approved manner. 

ENGINE-BOOM rNSTRDMESTS. 

Each engine-room will be fitted with the following, in full 
view of the working-platform and properly lighted, viz: 

One Lane's improved spring steam-gauge, connected to the 
main steam-pipe; 

One Lane s improved spring steam-gauge, connecteil to the 
high-pressure exhaust-pipe; 

One Lane's improved spring comp ■■und-gange, connected to 
the intermediate exhaust-pipe; 

One Lane's improved spring compound^uge, connected to 
the main condenser; 

One eight-day clock with second-hand; 

One continuous rotary counter with positive motion, to reg- 
ister from 1 to 1,000,000; 

Two revolution-indicators, showing on suitable dials the 
speed of both screw-engines; 

One telegraph -dial. 

There will also be in each engine-room the following instru- 
ment", attached directly to the various parts of the maoluaet^-. 
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One hot^well thermometer, to be coauected to the hot-well 
discharge-pipe ; 

One inject ion- water thermometer; 

One discharge-water thermometer; 

One steam-thermometer in main steam-pipe; 

One mercurial vacuum-gauge on main condenser; 

One counter or revolution-indicator on the main circulating- 
pump. 

Each working-platform will be fitted with tel^raph and 
speaking-tubes, leading to engine-rooms, fire-rooms, wheel- 
house, conning-tower, bridge, and where directed. 

Each engine-room will be furnished with six Thompson 
indicators of standard size, of the latest pattern matle by the 
A.merican Steam Gauge Coni|iany; two to have, each, a spring 
of 80 pounds to tlie incli and one of 64 pounds ; fwo to liave, 
each, a spring of 40 pounds to the inch oud ooe of 32 pounds; 
each of uie other two indicators to have a spring of 20 pounds 
to the inch and one of 16 pounds. All indicators to be nickel- 
plated and to be complete with all attachments. One extra 
cock-attachment to be furnished with each indicator. Each 
indicator to be in its own case and to be suitably marked. 
Cases to be conveuiently stowed. 

There will be in the forward engine-room, in addition to 
the above : 

A Lane's improved spring compound-gauge on the auxiliary 
condenser ; 

A counter or revolution-indicator on the auxiliary pumping- 
engine. 

All the above gauges, clocks, and counters are to have dials 
of at least 8^ inches diameter. 

There will also be in each engine-room a steam-gauge on 
the auxiliary steam-pipe, as before specified; also a steam- 
gauge on the steam-pipe to intermediate and low-pressure cylin- 
der-jackets. All instrument casings and fittiugs to be of pol- 
ishetl brass. All thermometers to be permanent fixtures, with 
stems and bulbs iirotected. 



Each blowiug-enfrine in fire-rooms will be fitted with od 
approved revolution-indicator. All gauges, thermometers, and 
revolutioD-indlcfttors in cDginc-roonis will be suitably eu- 
graved, on dials or elsewhere, to show to what they are con- 
nected, 

LOO-DESKS. 

A desk of approved pattern, with locked drawer, b to be 
fitted in each engine-room where directcil. 

rSDICATOB FITTINGS ASD 1I0TI058. 
An indicator connection is to be made to each end of eacl» 
cylinder of main engines as near as possible to the bore or 
the cylinder, and so as to be easily accessible. Each indicatof 
when in place is to be connected to but one end of a cylinder. 
The connecting-pipes are to be one-inch bore, without bends. 
The indicator- mot I on of each engine is to he so fitted that 
both indicators on its cylinder can be connected at the same 
time. The motions of the indicator-barrels must be accurately 
coincident with the motion of the corresponding pistons. The 
steam-cylinders of all auxiliary engines are to have holes 
tapped for indicator fittings and then plugged. These en- 
gines are to have portable indicator motions fitted, then re- 
moved and suitably marked and stored. When auxiliary 
engines are duplicated, but one set of indicator-motion fittings 
need be supplied for tdl of each kind. 

EKOIKE-BOOM TELEGRAPHS. 

A repeating telegraph of approved pattern is to be fitted Id 
each engine-room and connected to transmitters in conning- 
tower, in wheel-house, and on bridee. The connections are 
to be made in such a manner that the chance of derangement 
shall be minimized. 

SPEAKINO-TtTBES. 

speaking-tubes will be made of copper not lees than No. 
20 B. W. G. They will connect each engine>room with each 
fire-room; the engine-rooms with each other; the lire^rooms 



■with each other; each engine-room to the whcel-houso, coii- 
iiing-lower, bridge, and to the chief engineer's ruoiu; cacii 
fire room with the upper deck close to the top of the asli-hoist 
and elsewhere, as required. Each tube will be fitted at each 
find with a mouth-piece and approved annunciator; the mouth- 
pieces to be connected to short fiexible pipes where required. 
All mouth-pieces or pipes to be plainly marked. The tubes 
will be suitably (ased where necessary. 

REAOLUnOX-rSDICATOBS. 

Kevolution-indicators are to be of such approved pattern 
as shall not be affected to a perceptible degree by the motion 
of the ship or by changes uf temperature. They must be 
worked off the engines by positive motions, and must be so 
fitted that changes of engine speed shall not prodnce violent 
fluctuations of toe indices. 

TELL-TALES. 
Tell-tales with proper connections are to be fitted on the 
bridge and in the conning-tower, to show the direction of 
motion of the propel Hng-engtncs. 

OOVERSnRS. 

An efficient governor of approved type is to be fitted to 
each propelling-engine and connected to the governor-throttle 
before specifiaT, 

LUBKICATIOS. 

All working parts of machinery are to be fitted with effi- 
cient lubricators with cupacity for sufficient oil for four hours' 
running. Each main crank-pin is to have a centrifugal oiler; 
each to be fed by a pipe from an oil-box on top of the adjoin- 
ing main-bearing. Each main-bearing is to have an oil-box 
with wick-tubes, the back half of the box being fitted for 
water. The cross-heads are to be lubricated by telescopic- 
gear, as per drawings. Each main eccentric will have a 



wiper oiling-gear, taking oil from cujw supported by the 
wnt«r-service pipes. The thrust-bearings will nave oil-boxes 
similar to those on luain-bea rings. The oil-cups ou main 
valve-chests will be as before specified. There will be fitted 
to each main steara-pipe, close to valve-cheat, a Siebert, or 
equivalent, sight-feed oil-cup of two quarts capacity. There 
will be smaller eight-feed cups on each circulating, blowing, 
maiu-feed, and bilge-pump engine; all sight-feed cups to have 
ample condensing surface on tlieir steam-pipes. Each blower- 
eugine will have a continuous automatic lubricator of approved 
pattern. All working parts forwhichoil-cupsarenotspecified 
or shown in drawings will have olUng-gear of approved de- 
sign, such that they can be oiled without slowing. All the 
oiling of each auxiliary engine to be done by one oil-box 
where practicable. All fixed oil-cups are to have hinged 
covers, with stops to prevent being opened too far. Movmg 
oil-cups, where necessary, will have removable covers. The 
supply of oil to various parts is to be easily regalated. All 
oil-cups and their fittings, except such as are cast on bearings, 
are to be of finished cast-brass. 



All fixed bearings will have drip-cups cast on where possi- 
ble, otherwise they will be of cast-brass, properly applied. 
All moving parts will have drip-cugM or pans cast on engine- 
frames where possible, otherwise to be substantially made of 
sheet^bross. All drip-cups will have drain-pipes and cocks of 
at least i inch diameter which can be used wnile tlie engines 
are in operation. 

ASH-SPBIHKLERS. 

A cock for wetting down ashes will be fitted in each fire- 
room as shown, and will be fitted with all necessary hose, 
couplings, and nozzles. 
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JOUBKAL-BOXES. 

All journals or moving parts of iron or steel ore to run, 

anless otherwise specified, in composition boxes. These boxes 

are to be lined wiui approved anti-friction metal where shown 

on drawings. 

MANDREI,S FOR WHITE-METAL BEARINGS. 
Cast-iron mandrel^-, as shown, are to be furnished for form- 
ing the white-metal linings of crank-pin, crank-shaft, line- 
shafl, and thrust-bearings. All these to be smoothly and 
accurately turned to size, and packed so as to be perfectly 
protected. 

STUFFINQ-BOX ES, 

All iron stuffing-boxes are to have composition bushings. 
All glands are to be of composition. Metallic packing of 
approved pattern will be fitted to piston-rod and valve-stem 
stuffing-boxes, and elsewhere as specified. All glands not 
fitted with pinion-nuts and spur-rings will have lock-nufs and 
eplit-pins. 

PUIIP-CYLIMDERS. 

All pamp-c^lioders, together with their valve-boxes and 
fittings, will he made of composition. Air-chambers will be 
fitted 00 the delivery sides of^ pumps or in the pipes, as EMiy 
be directed. 

BOLTB ANDJiUlS. 

All bolt-heads and nuts, except in special cases, are to con- 
form to the United States Xavy standard. Screw-threads on 
bolts and nuts must in all cases conform to the above standard. 
All finished bolts, except as directed, are to be kept from turn- 
ing by dowels ur other suitable devices. All bolts on moving 
I»art8 and on pillow-block.t arc to be fitted with lock-nuts, and 
the bolts will extend beyond the nuta without threads, will be 
finished hemispherically, and fitted with split-pins or other 
approved safety device. 



OEAB FOB WOREINQ VALVES FBOM DECK. 
The rods for working from the main deck the safety-valves, 
main steam-pipe stop-valves, and engiue stop-valves, will be 
guided and supported on deck by cast eompositiou standards, 
left rough and painted. Each rod will have a hand-wheel at 
least 3 reet above the deck. The stop-valve hand-wbeeU are 
to be IC inches in diameter and those for the safety-valves 12 
inches in diameter. The wheels will be of brass, polished, 
and will have their rims connected with the hubs by plain 
discs without holes in them. Or in lieu of hand-wheels, if 
directed, polished brass bar-handles will be fitted to squares on 
the turning-rods, and will be stowed in beckets on bulkheads. 
All haad-wheels to be engraved with name; or cast-brafs 
label-plates with polished raised lctt<y3 will be fixed to adjoin- 
iug bulkheads. 

8UPP0B1S FOB LAMPS. 
Supports for lamps will be fitted as and where directed. 

LIPTISO-OEAn. 

ISfficieiit lifting-gear, consisting oftraveler-bars and pulleys, 

deck-beam clamps, turn-buckles, shackles, books, eye-bolts, 

and as may be directed, will be fitted wherever required for 

lifting parts of the machinery for overhauling and repairing. 

011,-TANKS. 

Four oil-tanks, of 250 gallons capacity each, will be fitted 
where directed, with facilities for filling from deck. They will 
be made of wroughl-iron not less than ^ inch thick, and each 
will have a man-hole and cover near tlie top, and a locked- 
cock for drawing oil. In each eugiue-room there will be fitted 
two copper oil-tanks of 20 gallons each aud two of 8 gallons 
each, and in each fire-room one of 5 gallons, all with lock- 
cocks. All oil-tanks will be fitted with drip-pans. 

An iron tallow-tank, divided into two parts, with hinged 
covers, will be fitted where directed. 



VENTILATORS. 

Ventilators, with cowls well above tbe awnings, ore to be 
fitted, two to each fire-room and three to each engine-room, 
of sizes shown in drawings. 

The lower parts of the fire-room ventilators will be rectan- 
gular and will connect with the air-ducts to blowers. The 
ventilator-shafts are to be made of wrought-iron or steel not 
less than J inch thick, and the cowls will be made of copper. 
No. 12 B.W. G., not planished. The base-rings of cowls wilt 
be of cast composition, finished on working parts but left un- 
finished on the outside. All cowls are to be fitted with gear 
for turning them from engine-rooms and fire-rooras; the gear 
to be of composition, except the spindles, wiiich will be of 
wrought-iron. Brass hand-wheels or T-hniKlles will be fitted 
to spindles in engine and fire*rooms. Doors at bottoms of 
fire-room ventilators will be so fitted that natural draught: 
can be used and so that any blower can be shut off if desired.. 

rSSTEUMENTS AND TOOrS. 

The following instruments and tools are to be furnished ia 
addition to those elsewhere specified, viz; 

Two Thomi)son indicators of the same Icind as furnished fur 
the main engmes; each with springs of 80, 64, 40, and 2& 
pounds to the inch ; each in its own case, with fittings complete^ 
and with two extra cock-attachments. 

Two spare water-thermometers. 

Two spare steam-thermometers. 

One standardized thermometer in suitable case, with certifi- 
cate of standardization. 

One set of wrenches complete for each engine-room and for 
each fire-room, to be fitted to all nuta in their respective com- 
partments, plainly marked with sizes, and fitted in iron racks 
of approved pattern. The wreachea for nuts of boltn less than 
one inch diameter will be finished, and for all over two inches 
diameter will be box-wrenches, where such can be used» 
Socket-wrenches to be furnished where required, Opco-eud 
10-31886 
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wrenches are to be of steel or of wroiight-iron, with case-hard- 
ened jaws; all others to be of wrought-iron or cast-steel. 

One pair of taps, on rod, for lapping front and back tube- 
sheeta of main Doilers at one operation. This is to be a 
duplicate of that used in originally tapping the sheets, and is 
to be so packed aa to be perlectly protected from injury. 

A similar pair of taps for the auxiliary boilers. 

A fixed trammel for setting the main slide-valves without 
removing covers; the valve-stems to be properly marked for 
this purpose. 

Fixed trammels or gauges for aligning crank-shafts; brass 
pins to be let into pillow-blocks and center-marked for this 
purpose. 

Two complete sets of fire-tools for each fire-room. 

Twelve coal-buckets and twelve ash-buckets. 

All trammels and gauges to have protecting cases; all 
instruments and tools to be conveaiently stowed. 

DTJPLICATE PIECES. 

The following duplimte pieces, in addition to others speci- 
fied, are to be fiimisned, fitted and ready for use, viz: 

One set of valves for each pump. 

One seat, with guards and bolts complete, for foot-valvM, 
and one for deli very- valves of air-pumps. 

One-half set of follower-bolts and nuts for each steam-pis- 
ton, and one for each im^pump piston. 

One-half set of springs for each steam-piston. 

One set of brasses for each crank-shaft journal. 

One set of brasses for each crank-pin journal. 

One set of brasses for each cross-head journal. 

One composition shoe for each cross-head. 

One set of brasses for each thrust-bearing. 

Tliree extra blades for each propeller, of such dimensions 
as may be directed, fitted to propeller-bosses. 

One complete set of brasses for each main engine \'alve- 
gear. 
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One complete set of brasses for each circnlating-pump 
engine, each mnin feed-pump, each hilge-pump, and each 
blowing-engine. 

One hundred stay-tubes, threaded to 6t threads in tube- 
sheets, with ends wrapped in canvas. 

Three hundred ordinary boiler-tubes, swelled at one end 
and annealed ready for use. All boiler-tubes to be securely 
stowed in racks, or as directed. 

Two hundred condenser-tubes, packed in boxes. 

Fifty condenser-tube glands. 

One spare spring for each safety-valve and relief-valve. 

One spare basket for each Macomb bilge-strainer. 

One-eighth of a set of grate-bars and bearers. 

All duplicate pieces not of brass are to be painted with 
three coats of white lead and oil, and well lashed iu tarred 
c:invns, with the name painted on outside. Brass pieces are 
to be marked or stamped. All pieces to be stowed in an 
approved manner. 

SECURING ENGINES IN SHIP. 

The main engine-seatings will have tops of hard wood, ot 
approved kind, bolted on as shown in drawings, and planed 
to a true surface. The engines will be placed directly on the 
wooden beds and securely bolted with finished through hold- 
ing-down bolts with locked nuts at upper ends. Pillow- 
blocks and thrust-bearings will be secured in the same manner. 
When finally secured all shaftiug must be accurately in line, 
with the vessel at load-draught and ordinary stowage. The 
cylinder-axes must be parallel to each other, accurately in the 
plane of crank-shaft, perpendicular to the journals, and point- 
ing to the centers of crank-pins. The air-pum])3 must be in 
perfect line with the low-pressure cylinders. 

The auxiliary engines will have their seatings faired with 
similar wooden tops where necessary, and will be bolted sim- 
ilarly to main engines. All parts of machinery and boilers 
are to be secured in an approved manner to prevent displace- 



meat whun the vessel m iiscti for ramming. Tlie oontractora 
for the Imll will supply tlie labor to fit the scatiogs to the 
engines, boilers, and nuxiliaric?. 

MATERIALS AND W0RKMAK8HIP. 

AH costings must ha sound and true to form, and before 
being painted must be ^ycll cleaned of sand and scale and ail 
fins and roughness removed. 

No iniperfect casting or uutsound forcing will be used if the 
defect affects the strength, or to a marsed degree its sightli- 
ness. 

All nuts on rough castings arc to fit facings raised abov& 
the surface. All fianges of castings ore to be iaced, and those 
coupled together are to have their edges made fair with each 
other. The facings of all circular flanges are to be grooved. 

AH bolt-holes in permanently fixed parts are to be reamed 
or drilled fair and true in place, and the bodies of bolts fin- 
ished to fit them snugly. 

AH threads on bolts and nuts are to be of the United States 
Navy standard. 

All pipes I)eneath floor-plates are to be connected by forged 
bolts and nuts of Tobin's metal. 

All brasses are to fit loosely between collars of shafting. 

All brasses or journals are to be properly channeled for the 
distribution of oil. 

Packing for stuiBng-boxes to be such as may be approved. 

AH small pins of working parts are to be well case-hardened. 

All materials used in the construction of the machinery are 
to be of the best quality. The iron castings are to be made 
of the best pig-iron, not scrap. 

Composition castings will be made of new materials. The 
various compositions will be by weight as follows, viz: 

For all journal-boxes and guide-gibs, where not otherwise 
specified : 

Copper, 6 parts; 
Tin, 1 part; 
Zinc, i part. 
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Tobia's metal: 

Copper, 58.22 per cent; 
Tiu, 2.30 per cent.; 
Zinc, 39.4J:i per cent. 
Naval brass : 

Copjior, C2 ]>er cent.; 
Tiiij 1 percent.; 
Zinc, 37 per cent. 
For composition notntherwise specified: 
Copper, 88 per cent.; 
Tin, 10 per cent.; 
Zinc, 2 per cent. 
Muntz metal to be of the best commerdal quality. 
Anti-iriction metal to be of approved kind. 
Where the drawings call for Muntz metal or naval brass, 
bat not BO stated in these specificatiouB, Tobio's metal will be 
substituted. 

Ornamental brass fittings are to be of good uniform color. 
All castings are to be increased in thiocness around core- 
boles. Core-holes are to be tapped and the core-plugs screwed 
in and locked. 

All steel foldings arc to be without welds and to be free 
from laminations. 

All flanges, collars, and off-sets to have well-rounded fillets. 
All boiler-plates are to l>e well cleaned of oxide-of-iron 
scale. 

All flanged parte of boilers are to be annealed, aflcr flang- 
ing, in an approved manner. 

The steam-cylinders of all auxiliary engines are to be lagged, 
same as main engines. 

India-rubber valves are to be mode of the best Para caout- 
chouc, with no other ingredients whatever than sulphur and 
white oxide of zinc; the sulphur is not to exceed 3 per cent, 
and the oxide of zinc 70 jier cent. The Iudia-rubl>er is not 
to contain any remanufacturcd materials, and is to be of a 
homogeneous character throughout, thoroughly compressed, 
free from air-holes and all other imperfections. 
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All bolts for securing tlie boiler attacbmenta are, where pos- 
sible, to be screwed through the boiler-plates, with heads inside. 

All work is to be, in every respect, of the first quality and 
executed in a worlcmanlike and substantial manner. 

Any portion of the work, whether partially or entirely com- 
pleted, found defective, must Ikj removed and satisiactorily 
replaced without extra cliarge. 

TESTS OP MATERIAL. 

All materials used in Hie construction of the boilers, shafl- 
in", and steel castings ^vill be tested in accordance with the 
"Instructions to Steel Inspectors," a copy of which accompa- 
nies these specifications. 

All boiler and condenser-tubes must be tested to 300 pounds 
internal water-pressure before being put in place. ludia- 
nibber valves taken at random must stand a dry-heat test of 
270° F. for one hour and a moist-heat test of 320° for three 
hours without the quality being impaired. 

TESTS OP BOILERS AND MACHIKEBY. 

Before the boilers are painted or placed in the vessel they 
will be tested under a pressure of 225 pounds to the square 
inch above atmospheric pres.sure. This pressure is to be 
obtained by the application of heat to water within the boilers; 
the water filling the boilers quite full. 

Each high-pressure cylinder, jacket, and valve-chest, the 
steam-pipes and valves, the auxiliary engines, and all fittings 
and connections subjected to the boiler pressure are to be 
tested by water-pressure to 225 pounds to the square inch; 
the intermediate cylinders and connections to 150 pounds; 
the low-pressure cylinders and connections to 135 pounds; 
the condensers to 3U pounds; and the feed-tanks to 15 pounds. 
The pumps, valve-boxes, and air-vessels of the feed, fire, and 
bilge-pumps are to be tested to 250 pounds per square inch. 
The cyliuners and condensers are to be tested before being 
placed on board, and must be so placed that all parts may be 
accessible for examination by the Inspector during the test. 



All parts are also to be tested after being secured od board. 
No laggiDg or covering is to be on tUe cylinder? or condensers 
during tbe tests. 



After a satisfactory test the boilers are to be painted on tlie 
outside with two coats of brown zinc and oil. 

All engine-work, not finished, to be primed with two coats 
of brown zinc and oil, and when placed in position on board 
the %'€S8el will be painted with two coats of paint of approved 
color. The shafting, when in place, is to be painted with two 
coats of white lead and oil, and the boiler-fronts with two 
coats of lamp-black and oil. 

The smoke-pipes are to be thoroughly painted before and 
after erection on board. The ventilators and cowls will be 
painted similarly to the smoke-pipes, except the interiors of 
the cowls, which will be painted vermilion. 

AUsteam-pipes not lagged with wood, all exhaust-pipes and 
water-supply and discharge pipes will be painted as may be 
hereafter directed. 

FBELIUINARY TESTS AND TBIAXS. 

Steam is not to be raised in the boilers until after the water- 
test on board, unless desired for drying joints, for which pur- 
pose tbe pressure must not exceed 10 pounds per square inch. 

After testing, steam will be raised in the boilers whenever 
required, to test the connections and the workings of all parts 
of main and auxiliary engines. All expense of such prelim- 
inary tests will be borne by the contractor. 

inspector's office. 
A suitable ofiSce and draught! ng-roora, properly furnished 
in all respects, fitted and healed, is to be provided by ttie 
contractor for the use of the Inspector of Machinery and his 
assistants during the building of the machinery and its erec- 
tion on board. 



EECOBD OF WEIGHTS. 
The actual finished weights of all machinery and appurte- 
nances thereto as fitted, also all stores, spare machinery, and 
tools, will be weighed by the contractor oefore being placed 
in the vessel, and the weights certified to by the Superintend- 
ing Naval Engineer, in a detailed account, and forwarded 
once a montli both la the Bureaus of Steam Engineering and 
Construction and Repair; and a copy of the report of these 
weights will be furnished to the Superintending Naval Con- 
structor by the Superintending Engineer, that he may have a 
complete record of the weighla put in the vessel. 

WORKING-DRAWINGS. 

All drawings necessary for the prosecution of the work 
must be prepared by and at the expense of the contractor. 
Those which ore merely developments of the drawings fur- 
nished and of these specifications will be subject to the ap- 
proval of tlie Inspector of Machinery before the work is < 
ordered or commenced. 

In the drawings furnished, figured dimensions, where given, 
will be followed, and not scale dimensions, unless otherwise 
directed. All discrepancies discovered in drawings, or be- 
tween drawings aud specifications, will be referred to the In- 
spector of Machinery. 

CIIAKQE9 IN PLANS. 

The contractor must mate no changes from the drawings 
furnished except as herein directed, or from the provisions of 
these specifications, without preparing complete plans of such 
proposed changes aud submitting the same to the Department 
for approvol. 

DRAWINGS OP COMPLETED MACHINERY. 
Draughtsmen will be employed by the Bureau of Steam 
Engineering, who will, under the direction of the Superin- 
tending Engineer, make a complete set of general and detul 



drawings of the muchincrv and boilers as fitted. These planH 
will be forwarded to the Bureau of Steam Engineering as the 
work progresses. 



The engines, boilers, uptakes, and smoke-pipes, all auxili- 
aries, piping and t'onnections, all sea-valves (except the cutting 
of the holes for the same), and all jiarts dcseribcd in these 
spf-cifications and in the official drawings are to he fitted (^na- 
plete to the vessel by the cogine contrnetors, and any part of 
the machinery, or any article pertaining thereto, which may 
have been inadvertently omitted from these specifications or 
from the official drawings, hut which is neccs.s.iry for the 
proper completion of the vessel, is to be supplied by ttie con- 
tractor withuat extra charge. 
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ADDENDA TO 



SPECIFICATIONS FOR NOS. 4 AND 5. 



AOXILIARY BOILER AND ATTACHMENTS. 

There will be oue cylindrical horizontal return fire-tube 
boiler for auxiliary purposes, placed where shown on draw- 
inga. It will be made of the same material and simitar parts 
will be finished and fitted in the same manner as in the maio 
boilers, except as specified below. 

The boiler will be 8 feet external diameter and 8 feet long. 
The shell will be in one length of {\ inch plates, with butted 
and double -strapped longitudinal seams. The heads, except 
the lower plate n( the front head, will be J-J inch thick. The 
tube-sheets, front and back, will be ^ inch thick. The back 
and sides of combustion-chamber will oe ^ inch thick. There 
will be one corrugated furnace, 3 feet 3 inches least internal 
diameter, of J-incn plate. There will be 32 stay-tnbes and 
82 ordinary tubes, 2^ inches external diameter, spaced 3| inches 
I)etween centers horizontally and 3J inches vertically. The 
tubes will be 5 feet 8 inches long between tulw-sheets. The 
back sheet of the combiisl ion-chamber will be rounded over 
to form the top. The iiack sheet of the combustion -chamber 
will be stayed to the l>ack head of the boiler by 1 J-inch stays 
spaced 7 inches vertically and horizontally, screwed into l>oth 
plates and nutted ; also by one horizontal row of heel-braces, 
spaced ns above, connecting the curved top of combustion- 
thamber to the lack head. The sides and bottom of combus- 
cion-chamber will l>e stayed to the Itoiler-shell by one row of 
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1 J-inch screw-stays, fitted as above. The water-spaces at baek 
and sides of combustion-chamber will be 5 inches wide. 
There will be two 15 x 12-inch man-holes in the lower part 
of the front head and one in the upper part, fitted with steel 
covers as in main boilers. There will be a hand-hole in the 
lower part of each head. There will be four If-inch braces 
connecting the front head to the combustion-chamber, two at 
each lower man-hole. There will be six 2-inch braces from 
head to head just above the tubes. Above these braces the 
front and back heads' will be curved" inwardly in cylindrical 
form to meet the boiler-shell. 

The ^raie will be 5 feet long, making a grate surface of 
about 16 square feet. The top of the bridge- wall will be 
carried back to meet the back of the combustion-chamber. 

Five 12 X 6 X J-inch rolled zinc protecting-plates will be 
fitted. The boiler will he firmly secured in two saddles and 
will be clothed with incombustible non-conducting material 
covered with galvanized iron. The uptake will be built sim- 
ilarly to those of the main boilers and will lead into the nearest 
smoke-pipe. The uptake will be fitted with a pivoted damper. 

AUXILIARY BOILER ATTACHMENTS. 

The auxiliary boiler will have the following attachments 
and fittings, viz: 

One 4-^-inch self-acting steam stop-valve, with a 2-inch 
stop- valve, attached for steam to distillers; the larger stop- 
valve to connect with the auxiliary steam-pipe; 

One brass dry-pipe, 5 inches in diameter; 

One l:f-inch check-valve with internal pipe; 

One l|-inch bottom blow- valve with internal pipe; 

One 1-inch surface blow-valve with internal pipe; 

Two 2^-inch spring safety-valves with lifting-gear, con- 
nected with escape-pipes ; 

T>yo ^lass water-gauges with outside pipes leading to top 
ai2c/ to near the bottom of boiler ; 



Four gauge-cocks ; 

Two steam^ages ; 

One sen tinei- valve; 

One draio-cock ; 

One salioometer-pot ; 

One air-cock. 

All of the above to be of 8ame pattern as for main boilers. 

AUXILIABY FEED-TANK. 

A feed-water tank of about 100 galloDs capacity will be 
fitte<l in the auxiliary boiler fire-room. It will be supplied 
from a branch discharge from the auxiliair feed-pumps in 
main fire-rooms. It wUl be fitted with a glass water-gauge, 
an overflow-pipe, and a float-valve in the auxiliary boiler few- 
pump suction-pipe. 

AUXILIARY BOILEB PEEIVPDMP. 

There will be in the auxiliary boiler fire-room a duplex 
pump of approved pattern, with water-cylinders having a 
capacity of about 14 cubic inches each. It will draw water 
from the sea and from the auxiliary feed-tank and will deliver 
into the auxiliary boiler feed-pipe only. 



